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Abstract
Transportation Control Measures (TCMs) are programs designed to control mobile source emissions; they
consist of a wide variety of strategic and tactical approaches. In addition to their ability to improve long-
term and/or short-term regional air quality, TCMs often provide other benefits such as enhanced mobility
and accessibility. At a time when Boston is attempting to attain and maintain national air quality
standards; is restructuring its transportation planning process; and has committed to implementing over
two billion dollars worth of TCMs - improving Boston's method for prioritizing TCM investments is a
particularly relevant issue. To this end, the thesis aims to develop a technical analysis framework for
prioritizing TCM investments in the Boston region.
In order to achieve this objective, two major research efforts were undertaken. First, the available
methods for quantifying the emission and travel impacts of TCMs were surveyed. Second, case studies of
five regions with extensive TCM experience were collected. Chapters 3 and 4 present the conclusions
from these two endeavors, respectively.
After comparing Boston's current technical analysis activities to the insights found through the research,
it became apparent that Boston is aware of, and is dealing with, many of the current issues surrounding
TCM analysis. However, Boston's manner of dealing with these issues differs from the approaches
adopted by the other case study regions; namely, Boston's approach is much less structured in the sense
that it stops short of specifying how exactly technical analysis would be used to facilitate prioritization
decisions. Thus, Chapter 5 attempts to develop a framework which structures the interaction of technical
analysis with the current TCM prioritization decision-making process. The framework addresses two
issues underlying this interaction:
1. Prioritization consists of a continuous sequence of decisions regarding how to define projects
and which projects to develop further. Which of these prioritization decisions should the
technical analysis facilitate?
2. How exactly should analysis results be used to facilitate decision making?
Because the research focused on two decisions: (1) which TCMs to consider for inclusion in the SIP, and
(2) which TCMs to include in the TIP - only general conclusions could be drawn in regard to the first of
the two issues listed above. The research, and therefore the proposed framework, focused largely on the
second issue. The core component of the proposed framework is a suggested "Prioritization
Methodology," or an idealized system for prioritizing TCM investments. Two underlying theories of the
proposed methodology are that (1) approaching the process in a systematic manner is beneficial, and
(2) the insights gained by applying the methodology are at least as valuable to the decision-making
process as the actual results of the methodology. Chapter 6 tests the proposed methodology by applying it
to a simple, hypothetical situation. This trial run results in some minor changes to the methodology and
suggests that it be further tested and refined.
Thesis Advisor: Thomas F. Humphrey
Title: Senior Research Associate and Lecturer, Center for Transportation Studies
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Chapter 1
Introduction
1.1 SUMMARY OF THESIS OBJECTIVE
The objective of this thesis is to develop a technical analysis framework for prioritizing
transportation control measures' (TCM's) in the Boston region.
Prioritization is viewed as a continuous process; decisions are constantly being made
about how to define projects and which projects to develop further. Thus, prioritization
occurs on a continuous basis in the sense that if a project is not developed to the point of
being construction-ready, it cannot be implemented.
Technical analysis is used to facilitate these prioritization decisions. The proposed
technical analysis framework attempts to structure the interaction of technical analysis and
prioritization decision-making. Namely the technical analysis framework addresses two
issues underlying this interaction:
1. Which prioritization decisions to facilitate, and
2. How technical analysis should be used to facilitate them.
However, the second of these two issues is the primary focus of this thesis.
1TCMs are defined in chapter 2.
The thesis attempts to determine how to "best" address these two issues. The "best"
technical analysis framework would help prioritize TCMs:
* as accurately as possible,
* as inexpensively as possible, and
* as precisely as is necessary.
So that the proposed technical analysis framework could be realistically implemented in
the near future:
* it must work within Boston's existing transportation planning process, and
* draw upon the region's existing technical resources and activities.
In order to keep the scope of research manageable, the framework was limited by three
main assumptions:
* It is assumed that the overarching regional priority is to meet regional "needs".
* The suggested framework will assume that the region is aware of its "needs"
and their relative magnitudes.
* Also, the framework assumes that the region has developed an exhaustive list
of potential TCM investments prior to beginning the technical analysis.
1.2 MOTIVATION FOR THESIS OBJECTIVE
The following discussion explains why the prioritization of TCMs is an important issue in
Boston currently, and why the technical analysis component of prioritization is focused
upon. Stated briefly, prioritization of TCMs is an important issue because of three factors:
1. TCMs are needed to effect a sustainable, long-term improvement in
regional air quality, as well as to enhance mobility and accessibility;
2. the transit commitments made in the Memorandum of Understanding
between the Conservation Law Foundation and the Massachusetts
Executive Office of Transportation and Construction2; and
3. Boston's current restructuring of its transportation planning process.
The following paragraphs expand upon these three factors.
1.2.1 TCMs are Needed to Effect a Sustainable, Long-Term Improvement in
Regional Air Quality
Many regions worldwide are concerned with their air quality - Boston is one such region.
Like these many other regions, Boston may attribute a large portion of its air pollution to
motorized vehicle emissions.3 As transportation's air pollution contribution increases, the
question of how to minimize it remains. At the (US) federal level, guidance has been
provided by various laws and regulations such as those contained in the 1991 Intermodal
Surface Transportation Efficiency Act (ISTEA) and the 1990 Clean Air Act Amendments
(CAAA). At the state and local levels, additional guidance has been formulated by
government, as well as private citizens, businesses, and interest groups.
All of this guidance has resulted in numerous transportation-related actions, and
corresponding emission reductions. The bulk of recent emission reductions are attributed
to improvements in automobile technology, not TCMs. Unfortunately, these benefits from
improved technology may soon be outweighed by the impacts of increased auto use. If
this is so, in order to maintain air quality in the long-run, auto use patterns must be
targeted for change, not just automobile technology.
2 This refers to the Memorandum of Understanding (MOU) between the Conservation Law Foundation
(CLF) and Massachusetts' Executive Office of Transportation and Construction (EOTC) which committed
the region to numerous mitigation measures aimed at counter-balancing any negative traffic and air
quality impacts of the Central Artery/ Tunnel Project. Amongst these commitments were numerous
transit projects. Appendix O contains the CLF MOU.
3 "The Massachusetts 1990 Emissions Inventory indicates that on road mobile sources emit approximately
29% of the total VOCs, 40% of the total NOx, and 61% of the total CO emissions (summer day) in the
As noted in the recent National Travel Census a variety of social and demographic factors
could be causing this increasing auto-use pattern. Many of these factors may be out of the
control of transportation planners. TCMs are one of the few means transportation planners
have to influence the auto-use growth rate. They are a broad range of techniques for
altering single-occupant auto-use patterns. Transit projects comprise one category of
TCMs.
Though TCMs may be a transportation planner's main means of affecting auto-use
patterns, they are not an insignificant means. Although many TCMs often have minimal
impacts on air quality and congestion, there are some TCMs that have large potential -
such as land-use planning and transportation demand management techniques4 . However,
the effectiveness of TCMs is influenced by how they are planned for. As a result, it would
be worthwhile to determine if Boston's TCM planning strategy could be improved and
how it could be.
This thesis, however, deals with only a portion of the overall TCM Planning Process:
prioritization. Prioritization is a major component of the overall TCM planning process.
It is an especially significant portion of the process at this time because about two billion
dollars worth of TCMs are at this stage of planning in the Boston region. The extensive
package being referred to is also known as "the CLF MOU transit commitments".
1.2.2 The CLF MOU Transit5 Commitments
A current issue related to air quality planning in the Boston region, is known as "the CLF
MOU transit commitments". In a memorandum of understanding (MOU) with the
state. Mobile source CO emissions on a winter day are approximately 80% of the total statewide CO
emissions." - from Boston Document #30, P. 2.
4 Document No. 8.
5 The transit commitments affecting the Massachusetts Bay Transportation Authority include a range of
bus, subway, commuter rail, and park-and-ride projects. See Appendix O for a more detailed listing of
these commitments.
Conservation Law Foundation (CLF), the Governor of Massachusetts agreed to
implement about $2 billion of transit projects as mitigation for the Central Artery/Tunnel
(CA/T) project.6  Transit projects are one type of TCM. This rather large transit
commitment is still making its way through the planning process.
The CLF MOU commitments have already been through a few phases of the planning
process. Whether implicitly or explicitly, the CLF MOU conducted three "planning"
actions:
1. It identified the need to mitigate the impacts of the CA/T project.
2. It decided to adopt a transit focus/policy for mitigating these impacts.
3. It chose a set of transit projects.
In addition to these planning actions, the Massachusetts Bay Transportation Authority
(MBTA) and Central Transportation Planning Staff (CTPS) have performed an initial,
quantitative and qualitative analysis of the original CLF transit commitments.
Thus, the CLF MOU has initiated the "prioritization" process. How so? Selecting a
transit focus for the TCM program, indirectly implies that a transit program is "better"
than a broad range of alternative TCM strategies. Likewise, choosing a set of specific
transit projects implies that those projects better meet the identified needs than other
potential projects. However, according to Boston's transportation planning agencies, it is
still uncertain if all the original CLF MOU transit commitments are the best project
choices.
Two tasks remain before the TCM prioritization process can be completed:
1. The projects committed to in the MOU were selected based on a non-systematic
analysis process rather than on a more systematic procedure. The original
commitments were selected largely because they were projects which had already
been developed and analyzed extensively. However, this analysis did not focus on
the air quality benefits of the projects. Additional analysis has been done since the
6 The Central Artery / Third Harbor Tunnel Project is described in Chapter 2, the Background chapter.
23
original commitments were made, finding that all but four of the projects
committed to have positive air quality impacts. The analysis of these original
commitments should be finalized.
2. Developing a method for identifying new or substitute projects. In other words,
there is a need to develop a store of substitute projects for the existing transit
commitments. Substitution of existing commitments might become necessary if
financial restrictions makes some of the original commitments unfeasible.
(Indirectly, this is equivalent to finding substitute projects which better meet
regional needs other than air quality. In the light of limited available funding, the
more needs a project serves, the more likely it is to be funded.) Also, identifying
possible substitution projects would help clarify if the existing commitments are the
best choices.
1.2.3 Boston's Restructuring of its Transportation Planning Process
The third, and final, motivation for this thesis stems from the current restructuring of the
Boston planning process. Some examples of what is meant by 'restructuring" is that the
Boston region is currently developing a set of "management systems" and reforming its
Transportation Improvement Program (TIP) 7 development process. It is important to
consider the unique needs of air quality planning when reforming the overall transportation
planning structure. Because TCMs are such a large part of transportation's approach to
achieving air quality goals, studying the TCM prioritization process provides insight into
how the planning process has internalized air quality goals in the past and how it could
best do it in the future.
Although Boston's current restructuring of their planning process adds relevance to this
research, the thesis does not address this issue.
7 Chapter 2 defines TIPs and Management Systems.
1.3 CLARIFICATION AND SCOPE OF OBJECTIVE: WHAT
EXACTLY IS "A TECHNICAL ANALYSIS FRAMEWORK FOR
PRIORITIZING TCMS"
1.3.1 "The TCM Prioritization Process" vs "Prioritization of All
Transportation Investments"
This thesis has made a point of focusing on the prioritization of TCM projects, rather than
on the prioritization of transportation projects in general. The concept of prioritizing
transportation investments could be simply described as a process which determines which
projects are the most important or cost-effective to implement. TCM prioritization is a
subset of this process in the sense that it deals with only a subset of transportation
investments: TCMs. While these two processes (TCM prioritization and transportation
investment prioritization) overlap, during some portions of the process TCMs may be
considered separately from other transportation investments. For instance, this might be
the case if certain funds were allocated to TCMs specifically. Another example is the
situation when TCMs are being selected to help the region meet air quality goals. Even
when TCMs are considered within the same process as other transportation projects,
TCMs may be treated in a unique manner. For example, within a TIP scoring scheme,
TCMs might be given extra points just for being TCMs. Thus, the path of TCM projects
through the planning process is unique.
1.3.2 Definition of the TCM Prioritization Process
The "TCM Prioritization Process" refers to the set of tasks which culminate in a decision
about which TCMs would best meet regional "needs". (See Figure 1-1) For the purpose
of discussion, TCM prioritization could be disaggregated into three components:
technical, political, businesses, and private citizens. Each of these components is diverse
within itself and could be further disaggregated. However, this breakdown is used to
point out the different parties involved in each component and their distinctive
perspectives on regional "needs". In particular, for each of the three components -
technical, political, private:
* different people are involved,
* different means are used to measure project impacts or system needs, and
* different needs and impacts are focused on or considered.
For example, politicians would be receptive to the wants of their constituents. Public
citizens/ businesses are concerned with the impacts to their localities. Technical staff
might be focused on their professional responsibilities.
Figure 1-1: The 3 Components of the TCM Prioritization Process
( Imolementation 1
It should also be noted that the three components - technical, political, private- are not
completely distinct; in reality these three components are overlapping rather than
independent entities. For example, the technical component incorporates input from
private citizens and businesses. Politicians try to please there constituents - which are
some subset of private citizens/businesses. Also, politicians and technical staff are
themselves private citizens. In defining the technical analysis framework, the linkages to
private and political processes will be considered.
Combined, these three inputs to the decision-making process (private, political, and
technical) work as a system of "checks and balances". They "check and balance" in the
sense that what one group is not receptive to, another group may observe. Also they
"check and balance" in the sense that if one group incorrectly perceives something,
another group may be able to point it out. The next section attempts to define the unique
contribution of the technical component to this system of checks and balances.
1.3.3 Defining the "technical component" of TCM prioritization and the
scope of the "technical analysis framework"
It is difficult to define exactly what the role of the technical component is within the
system of "checks-and-balances" described above. This is partly because it depends on
what roles the political and private components play, which is a very variable issue. It
varies from region to region. Even within one region, it may vary with time. Probably
what makes the technical component's role hardest to determine is that its definition varies
with who is defining it. So the question arose of how to develop a technical analysis
framework.
There is a goal the TCM prioritization process, as a whole, probably strives for, and which
the technical component shares. Simply stated, this goal is to help develop a
transportation program which best meets regional priorities in the most cost-effective way
possible. Air quality is just one of these regional priorities; mobility and accessibility are
other priorities which generally govern the selection of transportation projects. However,
meeting air quality goals is often considered the sole responsibility of TCMs, rather than
the responsibility of any other category of transportation project.
With this basic goal in mind, the technical component of the TCM prioritization process
accomplishes the following. Through one or more project selection and prioritization
cycles it reduces the set of all potential TCM investments in Boston, to a ranked subset of
these TCMs indicating which projects are the "most consistent" with regional priorities.
In general, the technical component involves traffic engineers, transit analysts, urban
planners, environmental analysts, and other such professionals. These parties tend to
estimate project impacts and regional needs using mathematical models, case studies from
other regions, previous experience, as well as other such tools. The needs and impacts
considered in the technical component are multimodal and regional in scale. However,
specific agencies, such as the highway department or a local agency, would only be
concerned with a subset of these impacts and needs.
This thesis focuses on a portion of the technical component of the TCM Prioritization
Process described in Figure 1-1. It develops a technical analysis framework which
addresses the question of "how to reduce the initial set of TCMs to a ranked subset".
In order to establish a starting point from which the technical analysis framework for
prioritization will progress, three assumptions are made:
* It is assumed that the overarching regional priority is to meet regional "needs".
* The suggested framework will assume that the region is aware of its "needs"
and their relative magnitudes.
* Also, the framework assumes that the region has developed an exhaustive list
of potential TCM investments prior to beginning the technical analysis.
These three assumptions have several implications on the scope and type of research
which was conducted and on the scope of the technical framework eventually suggested.
For instance, the second assumption is not necessarily realistic. It is probably impossible
for a region to know exactly what all its needs are and how they are relatively valued.
This is partially because defining a region's needs and their relative importance is a highly
subjected, and individual-specific issue. Developing a method for identifying regional
needs and their relative value is a complex process in itself which should proceed or at
least parallel, the relative ranking of transportation projects. Therefore, it is assumed that
it has already been conducted, and that the results could be used to facilitate the relative
ranking of projects which is undertaken by the technical analysis framework.
The third assumption was made for similar reasons. It is assumed that the region has
already developed an exhaustive set of potential TCMs prior to beginning the analysis,
because it is a task which should proceed or at least parallel the relative ranking of
projects. Developing a set of potential TCMs is an extensive process in itself, and beyond
the scope of this thesis. However, it is a very significant portion of the overall planning
process and is an indirect participant in the prioritization process. This is true in the sense
that a project has indirectly been assigned "low" priority if it is never recognized as a
potential project.
1.3.4 Distinction Between Accuracy and Precision
As defined in this thesis, the "best" technical analysis framework would
1. maximize accuracy of the final prioritized list,
2. have a minimal cost, and
3. produce sufficiently precise results.
The case studies and literature review suggested methods for achieving these three
qualities - accuracy, low cost, and precision; Chapters 3 and 4 each identifies issues which
affect accuracy, cost, or precision.
As a precursor to this discussion, the meaning of "accuracy" and "precision" are clarified
in the following paragraphs. Accuracy and precision as used in everyday speech are
practically synonymous, however they refer to two different concepts in the context of this
thesis. The distinction between the two goals of accuracy and precision is best illustrated
by example.
* Accuracy: An agency uses a three tiered ranking system (ranking scheme A) in
which projects are either "high priority", "medium priority", or "low priority". An
accurate ranking of a project would place it in the right tier.
* Precision: Ranking scheme A was just described. Ranking Scheme B provides a
continuous ranking of projects. It is based on project scores which range from 0
to 100, 100 being best. Ranking scheme B is more precise than scheme A, because
it identifies subtler distinctions between projects.
Notice that as defined in this thesis, the "best" ranking scheme is "as accurate as possible",
but only "sufficiently precise". This is because an inaccurately ranked project definitely
encourages a bad decision. However, an imprecise ranking is not incorrect, and while it
may not point out the best decision it at least would not encourage a bad one. A
"sufficiently" precise ranking would be subtle enough to provide decision makers with all
the information they need/or would use. It is expensive to increase the precision of
technical analysis, and therefore the analysis process should only be as precise as
necessary. Precision is expensive to increase because more detailed and time consuming
models are needed to produce it. Also, to analyze projects in more detail, additional time
must be invested in projects early on in the process. Also, analysts might have to acquire
additional data which can be extremely expensive. Thus, only wanting a "sufficiently"
precise method is highly related to the issue of wanting to minimize the process' cost.
1.4 APPROACH TAKEN TO ACHIEVE THE THESIS OBJECTIVE -
RESEARCH METHODOLOGY
In summary, the objective of this thesis is to develop a technical analysis framework for
prioritizing TCM investments in the Boston region. The proposed technical analysis
framework attempts to structure the interaction of technical analysis and prioritization
decision-making. Namely the technical analysis framework addresses two issues
underlying this interaction:
1. Which prioritization decisions to facilitate, and
2. How technical analysis should be used to facilitate them.
The thesis attempts to determine how to "best" address these two issues.
In order to achieve this objective, two major research efforts were made. First, the
available methods for quantifying the emission and travel impacts of TCMs were surveyed.
Second, case studies of five regions with extensive TCM experience were collected.
The first research effort is summarized in Chapter 3 and Appendix B; it consisted of a
comprehensive review of the dominant (as defined by the agencies consulted)
methodologies available for quantifying the emissions and travel impacts of TCMs as of
Spring 1995. A total of ten methods were reviewed in detail. The review of each method
answered some or all of the following questions:
1. What TCMs can be analyzed using this methodology and at what level of detail
(a) Level of analysis provided by the methodology
This section identifies what level of analysis is provided by the methodology. Generally,
the answer to this will take the form of one of the terms: Screening, Sketch-Planning or
Detailed Analysis. The information provided here should give some indication to the
reader of how rigorous the methodology is and as such, what level of decisions could be
made based on the output.
(b) What TCMs has the methodology been designed to analyze
This section is generally a listing of all the TCMs amenable to analysis using this
methodology, in cases where such information was available.
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(c) Does the methodology support the analysis of groups of TCMs
In some cases, one may need to analyze a number of TCMs whose impacts are
interdependent. In such instances, a methodology which accounts for the effects of
interacting measures will be appropriate. This section identifies whether the methodology
has the facility to analyze packages of TCMs.
2. Structure, inputs and outputs of the methodology
This section provides a brief overview of the methodology in terms of its structure, input
requirements, and resultant outputs. In some cases a methodology will consist of a fully
integrated number of modules. These modules may be aimed at analyzing transportation,
emissions and cost-effectiveness impacts as well as other impacts. Other methodologies
will consist of perhaps only a transportation component. In such cases, estimation of
emissions effects and other impacts would require the use an additional method(s). This
section highlights what exactly the methodology is made up of, what it is capable of
analyzing, and what output it provides.
3. Practical Restrictions
(a) How easy is it to obtain the data required for the methodology
A major element in the decision to use any methodology is whether or not the data is
available to actually use it. This section indicates how easy it is to obtain the data required
of the methodology and where this information would typically come from. For some
methodologies, the data requirements are quite extensive and would thus be very
expensive to collect. In other cases, the data may be readily available and so the use of the
methodology might be very practical. The decision of which methodology to adopt will
also be dependent on the level of analysis required and the seriousness of the decisions
which need to be made based on the output.
(b) Computer hardware and software required to use the methodology
This section identifies what the computer requirements (if any) of the methodology are.
The potential user will obviously be constrained by the computer resources available to
him and this will be an obvious determinant in his choice of methodology.
(c) Technical skills required to operate the methodology
This section indicates the necessary computer experience or skills required to use the
various methodologies. Some methodologies are very user-friendly whereas others
require programming experience or other expertise.
The review of each method is contained in Appendix B. However, the analysis and
conclusions relevant to the subject of this thesis are presented in Chapter 3. Chapter 3
discusses the general approach used to quantify a TCM's travel and emissions impacts. It
also discusses the range of methods available, why such a range of methods exists, and
what determines which method is "best" for a given application. The chapter concludes by
summarizing the implications of the research on the desirable structure of a technical
analysis framework.
A second stage of research followed the review of methods described above. It involved
the gathering of five detailed case studies of the San Francisco Bay Area, the Puget
Sounds Region, the Dallas-Fort Worth Area, the Washington DC area, and the Boston
Region. The full case studies are contained in Appendix A. Each one addresses all or
most of the following issues:
1. Why the region was included as a case study
* What is special about it: has it had extensive experiences with TCMs, are its
experiences well documented, has it had severe air quality problems, how does it
relate to the final project objective of developing a methodology for Boston.
* What is the regions non-attainment status according to EPA standards.
* Who suggested including the region as a case study.
2. Brief regional profile
* Size of area.
* Population.
* Extent of transit, highway, and other components of the transportation system.
* Unusual characteristics.
* Impacts of regional characteristics on air quality and congestion.
3. Description and Status of current TCM related programs
* This section lists the TCM programs to be discussed in this case study; it lists
specific projects. It may also include a discussion of past TCM programs and
other TCM-related programs not described in the case study, since many regions
have developed multiple or ongoing TCM related programs. Not all case studies
provide a broad picture of all regional TCM-related processes. Some case
studies focus on just one, like a TIP process or a SIP process.
4. Organizational Structure
* The agencies involved in the development of TCM programs, and the
responsibilities given to each agency.
5. Methods used to prioritize and select projects
* Process: sequence of events leading to final project selection
* Qualitative/quantitative methods used to select or prioritize projects. For
example, the criteria used to score projects and the methods used to measure
these criteria (e.g. if a criteria was "trip reductions" then a travel model may
have been used to measure these)
* Results: how projects were ranked and which projects were chosen.
6. Analysis of Impacts
* Methods (e.g. models) used to estimate the impacts of a TCM or group of
TCMs.
* How applied to measures: what method was used to analyze each TCM. Some
example methodologies may be presented - the level of detail of the example
depends on the availability of information. An example could include such items
as: assumptions made, inputs needed, and calculations made.
* Degree of accuracy identified: In other words, the ability of the analysis method
to successfully predict impacts or relative impacts. Answers to this section are
subjective and usually based on a phone interview.
7. Institutional and Political Issues:
* This section is related to the section on organizational structure. It will discuss
experiences with coordinating committees, delegating authority, and other such
issues. For example, Washington, DC pointed out the need to consult agencies
which will be implementing the project to guarantee sufficient resources are
available for implementing the project in the way it was defined during the
project selection process. For instance, during the project selection process, a
project may have been defined as part of a TCM package and thus, as being
implemented at a specific time relative to the other projects. This package of
TCMs may have then been selected for their synergistic effects. If the responsible
agency is unable to implement the project according to the presumed schedule,
the synergistic effects may not be captured and the original premise for selecting
the TCM package would be false. Thus, the responsible agency should be
consulted before the project is selected to ensure that it can be implemented as
planned.
8. Lessons Learned
* What did the agencies involved in the process learn from their experiences; what
do they think were some strengths and weaknesses of the process they followed,
the analytical methods they used, or the decisions they made.
9. Summary and Conclusions
* What was learned from this case study.
The case studies focused on the methods used to systematize the interaction of technical
analysis with two critical decisions of the TCM prioritization process:
1. Which TCMs to consider for inclusion in the State Implementation Plan (SIP)8.
2. Which TCMs to program into the TIP.
The research did not begin with an intention to collect information mainly on these two
decisions. Nor, did it begin with a full understanding of what the TCM prioritization
process consisted of. Interviewees from regional transportation planning agencies were
asked for "methods used to prioritize TCMs" or for information on the '"TCM program
development process." Interviewees generally responded by describing a TIP or SIP
process. Therefore the case studies focus on TIP and SIP processes - which is not a
misfortune since these are two critical decision stages of the TCM prioritization process.
However, because of the limited scope of the case studies, their conclusions focus on the
second of the two issues the proposed technical analysis framework aimed to address:
"how to use technical analysis to facilitate prioritization decisions." Some conclusions
were drawn in regard to the first issue: " which prioritization decisions to facilitate,"
however they are very simple, perhaps even obvious. The analysis and conclusions from
these case studies are presented in Chapter 4.
After surveying the available methods for quantifying the impacts of TCMs (Chapter 3),
the prioritization methods used by other regions (Chapter 4), in addition to Boston's own
planning activities, Chapter 5 ties the research together in order to develop a technical
analysis framework for the Boston region. The core component of the proposed
framework is a five step "Prioritization Methodology" which addresses the second issue of
the framework: "how technical analysis should be used to facilitate decisions." Chapter 5
compares the idealized "Prioritization Methodology" to Boston's existing TIP and SIP
planning activities. Because the research focused on two prioritization decisions (TIP and
SIP), only very general conclusions are drawn in regard to the first issue: "which
prioritization decisions to facilitate."
Chapter 6 applies the proposed "Prioritization Methodology" to a very simple hypothetical
situation in order to clarify the methodology's definition as well as identify any of its
shortfalls. One major shortfall is identified by this trial run. As a remedy, two additional
steps are added to the original five-step methodology.
Chapter 7 summarizes the thesis by discussing its major conclusions.
8 Chapter 2 defines SIPs.
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Chapter 2
Background & Definitions
This chapter explains terms and issues of particular relevance to the thesis topic. It begins
by explaining what a Transportation Control Measure (TCM) is in Section 2.1 and
provides some other useful definitions in section 2.2. The chapter then delves into some
less basic issues. Section 2.3 attempts to summarize the nature of the air quality problem.
Section 2.4 builds on this by explaining possible solutions to the air quality problem.
Section 2.5 presents the general theory behind TCM analysis. Section 2.6 concludes the
chapter with a discussion of how effective TCMs are thought to be at reducing emissions.
2.1 WHAT IS A TCM?
TCM's are programs designed to control mobile source emissions, and they consist of a
wide variety of strategic and tactical approaches. For example:
1. Supply management techniques incorporate low cost methods for optimizing the
capacity of highways and streets. Theoretically, they improve the flow of traffic and
reduce high emissions associated with low speeds. Included are actions such as traffic
signal optimization, traffic operations improvements and enforcement, as well as
various management programs.
2. Demand management strategies are aimed at reducing the number of motor vehicles
operating on streets and highways during peak commute periods. Examples of these
techniques include public transportation improvements, ridesharing/carpool programs,
employer based programs, and park-and-ride fringe parking programs. Other
strategies include trip reduction ordinances, parking management, vehicle use
restrictions, and other planning activities.
Also, the Clean Air Act Amendments (CAAA) describes 16 TCM categories (listed in
Table 2-1) and suggests their use for mitigating the air quality impacts of the
transportation sector.
Table 2- 1 TCMs listed in the CAAA 9
1. Programs for improved public transit.
2. HOV and bus lanes (construction of and conversion of existing lanes to.)
3. Employer based transportation management plans, including incentives.
4. Trip reduction ordinances
5. Traffic flow improvement programs that reduce emissions.
6. Parking facilities for multiple occupancy vehicle programs or transit service.
7. Vehicle use restrictions in downtown or other high emission areas, especially during
peak use periods.
8. Programs providing for all forms of high-occupancy and shared ride services.
9. Programs limiting portions of roads or sections of metropolitan areas to non-
motorized vehicular use or pedestrian use (both temporal and spatial restrictions.)
10. Bicycle use incentives in both private and public areas.
11. Idling restrictions.
12. Cold-start emission restrictions (in accordance with Title II.)
13. Employer-sponsored programs to permit flexible work schedules.
14. Programs and restrictions to promote non-single occupant automobile travel as part of
the transportation planning and development efforts of a locality (new shopping
centers, special events and other centers of vehicle activity included.)
15. Programs for new construction of and major reconstruction of paths, tracks, or areas
solely for the use by pedestrian or non-motorized means of transportation when
economically feasible and in the public interest.
16. Programs to encourage the voluntary removal from use and the marketplace of pre-
1980 model year light duty vehicles and pre-1980 model light duty trucks.
9 Document No. 5, p. 1-4, table 1-1.
2.2 OTHER USEFUL DEFINITIONS
This section defines several terms which are used frequently in the remainder of the thesis.
The terms discussed, and the order they are discussed in, is as follows:
* 1991 Intermodal Surface Transportation Efficiency Act (ISTEA)
* Transportation Plans (TP)
* Transportation Improvement Programs (TIP)
* Metropolitan Planning Organization (MPO)
* Mode, Intermodal, Multimodal,
* Congestion Management and Air Quality Improvement Program (CMAQ)
* 1970 Clean Air Act (CAA)
* Clean Air Act Amendments of 1990 (CAAA)
* State Implementation Plan (SIP)
* 15% Reduction Plan
* Contingency Measures
* Attainment Area and Non-Attainment Area
* National Ambient Air Quality Standards (NAAQS)
* Conformity
* Carbon Monoxide (CO)
* Hydrocarbons (HC)
* Ozone (03)
* Particulate Matter (PM and PM10)
* National Environmental Protection Act (NEPA)
* Environmental Impact Statement (EIS)
* Central Artery/ Tunnel Project (CA/ T)
2.2.1 The 1991 ISTEA, TPs, & TIPs
The 1991 Intermodal Surface Transportation Efficiency Act (ISTEA) is a legislation
which imposes requirements, guides, and funds transportation in the US over a six year
period. The legislation is divided into eight titles (i.e. subsections):
Title I: Surface Transportation
Title II: Highway Safety
Title III: Federal Transit Act Amendments of 1991
Title IV: Motor Carrier Act of 1991
Title V: Intermodal Transportation
Title VI: Research
Title VII: Air Transportation
Title VIII: Extension of Highway-Related Taxes and Highway Trust Fund
The $151 billion of federal funds ISTEA makes available over the next six years is divided
amongst funding programs described throughout the eight titles.'1 One such funding
1oDocument No. 41, p. 240.
program is known as the Congestion Mitigation/ Air Quality (CM/AQ) funds. Under
ISTEA, regions may transfer funds between programs in order to best meet regional
needs. ISTEA's flexible funding policy distinguishes it from past transportation
legislation.
Also unique to ISTEA is its broad statement of policy:
"It is the policy of the United States to develop a National Intermodal Transportation
System that is economically efficient and environmentally sound, provides the
foundation for the Nation to compete in the global economy, and will move people and
goods in an energy efficient manner. "11
Unlike the interstate highway program, or other past transportation initiatives, ISTEA's
policy does not favor one mode and focuses on issues other than establishing mobility.
(not to say that it does not support mobility.) Rather, the flexibility of funding allows
regions to pursue ISTEA's policy in an unhindered, yet structured manner.
Some structure is provided by the transportation planning requirements mentioned under
Title I. These requirements provide a framework within which States and regions could
pursue ISTEA's policy. For instance, ISTEA's policy and goal is directly incorporated
into the planning process through 15 factors Metropolitan Planning Organizations (MPOs)
and 23 factors States must consider while developing long-range plans. Prior to ISTEA,
the planning processes of MPO's and state Departments of Transportation (DOTs) often
did not address the breadth of concerns included in the ISTEA planning factors. 12
These 15 MPO and 23 State factors must be considered by MPOs and DOTs,
respectively, when they develop their long-range plans. The plans, typically termed
Transportation Plans (TP), are also required under ISTEA. They must cover a twenty
year planning horizon and be updated periodically. In addition to the 15 regional and 23
state planning factors, ISTEA ensures that TPs reflect ISTEA's policy by imposing three
other requirements on the TPs:
"Document No. 41, p. 243.
1. that State TPs are coordinated with MPO TPs,
2. that a reasonable opportunity is provided for the public to comment, and
3. that TPs conform with the SIP. In particular, that transportation control
measures (TCMs) mentioned in the SIP are coordinated with the TP.
The first requirement ensures that MPOs and States develop integrated and financially
feasible transportation visions. The second has many benefits such as clearing away
potential political issues early in the planning process. Meanwhile, the third requirement
turns environmental issues into a priority rather than a technicality.
In addition to requiring long-range planning through TPs, ISTEA requires DOTs and
MPOs to develop short-term plans called Transportation Improvement Programs (TIPs).
TIPs cover a three to five year planning horizon and must be updated every two years.
They must contain a financially constrained, prioritized list of projects consistent with the
TP and SIP. In particular, TIPs include:
* federally funded projects
* projects which require federal action (like an Army Corps of Engineers permit)
* all significant projects that could effect air quality, and
* all other regionally significant projects.13
At minimum, all projects to be implemented in year one may be lumped together as
priority 1. Financial constraint must also occur on a yearly basis, at minimum. 14 While
some regions have developed TIPs even before ISTEA required them, most regions did
not financially constrain their programs. This requirement makes TIPs realistic plans that
could even be called the crucial link between planning and implementation. As David
Murray of the San Francisco Bay Area's Metropolitan Transportation Commission states,
"...with unrealistic financial assumptions, the overall community vision used to develop the
12Document No. 43, p. 44.
13(Federal Register, 10/28/93. p. 58065) Regionally significant project means, "a project ... that is on a
facility which serves regional transportation needs (such as access to and from the area outside of the
region, major activity centers in the region, major planned developments such as new retail malls, sports
complexes, etc., or transportation terminals...) and would normally be included in the modeling of a
metropolitan area's transportation network, including, at a minimum, all principle arterial highway and
fixed guideway transit facilities that offer a significant alternative to regional highway travel."
TIP is breached. ... The environmental conformity determination -- the process used to
ensure that transportation projects are in sync with clean air laws -- is invalid." 15 Like
TPs, TIPs must also undergo public review.
In addition to requiring TPs, TIPs, and the consideration of the planning factors, ISTEA
encourages States to develop seven management systems:
1. Pavement Management System (PMS)
2. Bridge Management System (BMS)
3. Highway Safety Management System (SMS)
4. Traffic Congestion Management System (CMS)
5. Public Transit Facilities and Equipment Management System (PTMS)
6. Intermodal Management System (IMS)
7. Traffic Monitoring System for Highways (TMS/H)
These systems are expected to improve the establishment of project funding priorities
across modes and the analysis of trade-offs among the range of potential transportation
investments being considered. 16
In conclusion, ISTEA primarily uses four planning requirements to ensure its flexible
funds are used in support of its policy objective:
1. 15 regional and 23 state planning factors
2. TP (long-term planning document)
3. TIP (short-term planning document), and
4. Management systems.
Embedded within these are
* public involvement
* financial constraint, and
* conformity
requirements that encourage the development of an integrated (i.e. integrated in the sense
that TPs conform with TIPs, that TPs and TIPs conform to the SIP, and that state plans
are coordinated with MPO plans) transportation program whose implementation is
facilitated by funding availability and public support.
14Document No. 43, p. 63-64.
15Document No. 43, p. 62.
16Document No. 43, p. 125.
2.2.2 Metropolitan Planning Organization (MPO)
The MPO is the organizational entity designated by law with lead responsibility for
developing transportation plans and programs for urbanized areas of 50,000 or more in
population. MPOs are established by agreement of the Governor and units of general
purpose local government which together represents 75 percent of the affected population
or urbanized area.
2.2.3 Mode, Intermodal, Multimodal
A mode is a form of transportation such as automobile, transit, bicycle, or walking.
Intermodal refers to the connections between modes. Multimodal refers to the availability
of several modal options within a system or corridor.
2.2.4 Congestion Management and Air Quality Improvement Program
(CMA Q)
A new categorical funding program created with the 1991 ISTEA. It directs funding to
projects that contribute to meeting national ambient air quality standards. CMAQ funds
generally may not be used for projects that result in the construction of new capacity
available to SOVs (single-occupant-vehicles.)' 7
2.2.5 1970 Clean Air Act (CAA)
This act created the Environmental Protection Agency (EPA) and empowered it to set
ambient air quality standards. Required reductions in new automobile emissions were also
specified in the act. The act authorized the EPA to require states to formulate
implementation plans describing how they would achieve and maintain the ambient air
quality standards. In 1971 the EPA promulgated national ambient air quality standards
and proposed regulations on State Implementation Plans (SIPs) to meet these standards.
17 Taken from the "ISTEA's Planner's Workbook" (i.e. Document No. 24, pagel56.)
2.2.6 Clean Air Act Amendments of 1990
Of the eleven titles in the act, two directly pertained to transportation in particular. Title 1
addressed the attainment and maintenance of NAAQS. Non-attainment areas were
classified for ozone, CO, and particulate matter in accordance with the severity of the air
pollution problem. Depending on the degree to which an area exceeded the standard, that
area was required to implement various control programs and to achieve attainment of the
NAAQS within a specified time period. The areas that were furthest out of compliance
were given the longest length of time to achieve the standards. (see Appendix P)
The "conformity" provisions in the 1990 amendments were expanded from the Clean Air
Act Amendment of 1977. A conformity determination was required to assure that
Federally approved or financially assisted projects or actions conform to a SIP. The 1990
provisions shifted the emphasis from conforming to a SIP to conforming to a SIP's
purpose of eliminating and reducing the severity and number of violations of the NAAQS
and achieving expeditious attainment of the standards. In addition, no activity could cause
or contribute to new NAAQS violations, nor increase the frequency or severity of any
existing violations of any standard, nor delay the timely attainment of any required
NAAQS. The new provisions still required the state department of transportation and
Metropolitan Planning Organizations (MPOs) to make conformity determinations, but
they were to be much more dependent on quantitative analysis. 18
Also, the Clean Air Act Amendments of 1990 expanded the "sanctions" where states
failed to carry out requirements of the Act. Previously, sanctions were applied for failing
to submit a SIP. Under the new provisions, sanctions could additionally be triggered
when EPA disapproved a SIP or a State or MPO failed to implement any SIP provision.
18 Definition taken from Document No. 41, pages 232-234.
2.2.7 SIP, 15% reduction plans, and contingency measures
State Implementation Plans (SIP) describe a State's plan for attaining, maintaining,
monitoring, and enforcing compliance with the National Ambient Air Quality Standards
(NAAQS). In order to avoid punitive actions such as sanctions, States develop SIPs
which comply with the Clean Air Act and Amendment requirements described in
Appendix P. Transportation projects (such as TCMs) may be included in SIPs when they
are shown to improve air quality. They may be included as part of the "15% reduction
plan" or as "contingency measures". The meaning of these two terms is clarified in
Appendix P.
2.2.8 Attainment Areas and Non-Attainment Areas
An attainment area is considered to have air quality that meets the U.S. Environmental
Protection Agency (EPA) health standards used in the Clean Air Act and Amendments.
An area may be an attainment area for one pollutant and a non-attainment area for others.
Non-attainment areas are areas considered not to have met the NAAQS for designated
pollutants.19 Depending on the severity of the air quality problem, officials in each non-
attainment area must take specified actions within a set time frame to reduce emissions
and attain NAAQS.20
2.2.9 National Ambient Air Quality Standards (NAAQS)
Federal standards that set allowable concentrations and exposure limits for various
pollutants.
19 Taken from the "ISTEA's Planner's Workbook" (i.e. Document No. 24, page154.)
20 Document No. 23, page 5.
2.2.10 Conformity
Process to assess the compliance of any transportation plan, program, or project with air
quality control plans. The conformity process is defined by the Clean Air Act and
Amendments.
2.2. 11 Carbon Monoxide, Hydrocarbons, Ozone, and Particulate Matter2
Carbon Monoxide (CO)
A colorless, odorless, gas that impedes the oxygenation of blood. CO is formed in large
part by incomplete combustion of fuel.
Hydrocarbons (HC)
Colorless gaseos compounds originating from evaporation and the incomplete combustion
of fossil fuels.
Ozone
Ozone is a colorless gas with a sweet odor. It is not a direct emission from transportation
sources. It is a secondary pollutant formed when hydrocarbons (HC) and Nitrogen Oxides
(NOx) combine in the presence of sunlight. The ozone is associated with smog or haze
conditions. Although the ozone in the upper atmosphere protects humans from harmful
ultraviolet rays, ground level ozone produces an unhealthy environment in which to live.
Particulate Matter (PM or PMlo)
Particulate matter is any material that exists as solid or liquid in the atmosphere. It may be
in the form of fly ash, soot, dust, fog, fumes, or some other form. PM10 is particulate
matter which is less than 10 microns in size and is too small to be filtered by the nose and
lungs.
21 Document No. 24, pages 153-170.
2.2 12 National Environmental Policy Act of 1969 and Environmental
Impact Statements (EIS)
The federal government's concern for environmental issues dated back to the passage of
the Air Quality Control Act of 1955, which directed the Surgeon General to conduct
research regarding air pollution. Through a series of acts since that time, the federal
government's involvement in environmental matters broadened and deepened.
In 1969 an important piece of environmental legislation was passed, the National
Environmental Policy Act of 1969 (NEPA). Federal agencies were required under the act
to use a systematic interdisciplinary approach to the planning and decision-making that
affected the environment. It also required that an Environmental Impact Statement (EIS)
be prepared for all legislation and major federal actions that would affect the environment
significantly.
An Environmental Impact Statement is a report which details any adverse economic,
social, and environmental effects of a proposed transportation project for which federal
funding is being sought. Adverse effects could include air, water, or noise pollution;
destruction or disruption of natural resources; adverse employment effects; injurious
displacement of people or businesses; or disruption of desirable community or regional
growth. Also an EIS should contain information on alternatives to the action being
studied, the relationship between short-term and long-term impacts, and irretrievable
commitment of resources. The federal agency was to seek comments on the action and its
impacts from affected jurisdictions and make all information public.22
2.2.13 Central Artery/ Tunnel (CA/ T) Project
The Central Artery Project represents a massive investment in the Boston region's
highway infrastructure and has been the subject of much scrutiny with regard to its
impacts on air quality, congestion and other environmental, economic and community
22 Document No. 41, page 82.
impacts. The project consists of approximately 7 miles of new and reconstructed
roadways including the following major elements as detailed in the 1990 Final
Supplemental Environmental Impact Report (FSEIR.)
* Construction of a widened mostly underground Interstate 93 (1-93) from north of the
Central Artery North Area interchange in Charlestown to just south of the
Massachusetts Avenue interchange. 1-93 is referred to as the Central Artery north of
Kneeland Street and as the Southeast Expressway south of Kneeland Street.
* Construction of an 1-90 extension via a Seaport Access Highway and Third Harbor
Tunnel to Logan Airport in East Boston, with a connection to Route lA. The 1-90
extension will begin at the intersection of the Massachusetts Turnpike (1-90) and the
Southeast Expressway (1-93) and proceed eastward, mainly in tunnel, through South
Boston, under Boston Harbor, and into Logan Airport. A much improved and
expanded high occupancy vehicle (HOV) system also will be incorporated along 1-90
and 1-93 to link downtown at Kneeland Street and the proposed South Station
Transportation Center (SSTC) with Logan Airport and points south and west of
Boston.
* Construction of an extended frontage road system parallel to 1-93 both northbound
and southbound from Causeway Street to just past Southampton Street.
* Construction of a South Boston Bypass Road, most of which will be in an existing
railroad right-of-way, connecting the Southeast Expressway (1-93) to the Seaport
Access Highway (1-90) and the Commonwealth Flats area in South Boston.
2.3 WHAT IS THE AIR QUALITY PROBLEM?
The consumption and production of energy are major causes of air pollution. The
transportation industry uses energy through a range of avenues: vehicle operations, vehicle
manufacture, raw material production, vehicle maintenance, infrastructure provisions, and
energy generation. Amongst these categories, vehicle operations often consume the
largest share of energy, according to a study done in the United Kingdom. For example,
as much as 66% of energy consumed by the United Kingdom's land transport system may
be attributed to vehicle operations.23
Not only do vehicle operations often consume the most energy, but the processes by
which they do so produce much pollution and are relatively hard to control. For example,
the operation of cars and light duty trucks in California contribute 24% of non-methane
hydrocarbon emissions, 27% of NOx emissions, and 55% percent of carbon monoxide
emissions statewide. They contribute even larger percentages in urban areas. 24 Catalytic
converters offer a means of reducing these emissions; however, not all cars are yet
equipped with them. This may be because the vehicle fleet contains some older vehicles
which were built before catalytic converters became standard features on automobiles.
This may also be because individuals often disable their converters intentionally. In
California, random roadside tests of 3742 cars showed that the dirtiest 7% of cars emitted
50% of the emissions in the sample. In contrast, the cleanest 50% of cars emitted only 3%
of the emissions.25
Thus, the dominant "air-quality problem" as far as transportation is concerned could be
seen as the excessive release of hydrocarbons (HC), NOx, carbon monoxide (CO), carbon
dioxide (C0 2), particulate matter, sulfur dioxide, lead, and chlorofluorocarbons into the
atmosphere by vehicle operations. 26 Of these pollutants, HC, NOx, CO, and CO2 are the
most significant currently in the US. Their significance stems from the health and
23 Document No. 32, p. 17 and 42.24 Document No 33, p. 2-3.
25 Document No. 33, p. iv.
environmental impacts which result from their excess. These impacts include respiratory
disease, acid rain, and global warming.
The excessive emission of these gases by vehicle operations has two primary causes:
1. the incomplete combustion of gasoline, and
2. the excessive vehicle-miles traveled and vehicle-trips made by these gasoline-
powered vehicles.
2.4 POSSIBLE SOLUTIONS TO THE AIR QUALITY PROBLEM
In order to reduce the air pollution caused by vehicle operations, both of the
aforementioned causes must be addressed. This is because while a significant decrease in
pollution may be achieved through technological improvements to the gasoline vehicle,
increases in vehicular travel will soon outpace these technological gains. A variety of
statistics suggest this given the current circumstances. For instance in the UK:
* Energy use and pollution by transport have continued to increase in the last ten
years despite small reductions in energy use and pollution on a per kilometer basis.
This is because the number of km (in total) driven by vehicles has increased at a
much faster rate. For example, between 1978 and 1988, the energy needed to
move 1 passenger 1 km fell by 3%. However, the total number of passenger km
rose by 31% to outweigh the small gain in energy efficiency (not the same as
emissions).
* Technological improvements such as catalyst technology and more energy efficient
vehicles are limited because they fail to reduce energy consumption enough to
make up for increasing traffic. The Department of Energy forecast that
improvements in car efficiency (not synonymous to emissions) between 1990 and
2010 would be at most 28%. This contrasts with the lowest increase in car traffic
of 41% predicted by the Department of Transport for the same period.
26 Document No. 32, p. 33-43.
Some alternative fuels such as methanol, diesel and gas have the potential to be
short-term solutions to the growing pollution from transport. But unless cleaner
ways of creating fuels like electricity and hydrogen are developed then growing
traffic will also wipe out these gains.27
Thus, the two main causes of transportation pollution: (1) incomplete combustion and (2)
excessive travel, could be addressed through:
1. Improved Technologies, and
2. Changing Travel Habits and Travel Needs
To achieve an effective solution, however, both avenues must be pursued. Many regions
in the US have already implemented such air quality programs, and have achieved varied
success in reducing air pollution. Transportation Control Measures are a primary
means of affecting travel habits and travel needs.
2.5 GENERAL THEORY BEHIND TCM ANALYSIS
Given a limited budget and a need to reduce emissions, regions often analyze TCMs in
order to rank them by their potential to reduce emissions, their cost-effectiveness, or some
other measure. To do this, analysts are attempting to understand the interconnections
between emissions, travel patterns, and costs. The short-term picture is much simpler than
the long-term one. In the short-term, housing location, job location, population, and car
ownership are relatively constant. But still, analysis of the short-term situation is not
simple. For example, eliminating the need for parents to drive to work does not prevent
their children from using the car instead. Although many such short-term and long-term
nuances of TCM analysis have yet to be understood, a solid basis has been formed. The
following sequence of subsections describes some of these well established "basics".
"Document No. 32, p. 3.
2.5.1 What elements of the transportation system cause emissions?
First, it should be noted that this discussion deals mainly with urban transport which
excludes inter-city modes such as air and rail. Within this area of focus, diesel and
gasoline vehicles are viewed as the major emission producing elements. Thus, pollutants
resulting from the production of electricity to run electric vehicles/trains are generally not
considered when analyzing the effects of TCMs. However, other elements of the CAA or
State Implementation Plans (SIPs) consider these emission sources.
Gasoline and Diesel engines emit pollutants in two manners. Operating the vehicles
produces exhaust containing hydrocarbons (HC), nitrogen gases (NOx), carbon monoxide
(CO), as well as other substances. Also, gasoline and diesel evaporate, releasing HC into
the atmosphere, when the car is at rest, in motion, or refueling. Figure 2-1 provides a
detailed description of how pollutants are produced by a petroleum-powered vehicle.
2.5.2 What is the cause-effect relationship between vehicle actions and
vehicle emissions?
The amount and type of pollutants released by a vehicle are a function of two things:
* the type of vehicle, and
* the action being performed by a given vehicle.
Many vehicle attributes define its emissions patterns. One example is the mechanics of the
vehicle such as the engine. Typically, older cars are less efficient and produce more
pollutants. Also, larger vehicles such as trucks and buses, require more energy to move,
and would therefore consume more fuel and produce more emissions. In addition to the
mechanics of the vehicle, the type of fuel used is a major determinant of emission patterns.
The amount of emissions a certain type of vehicle produces varies with its manner of
operation. Some vehicle actions which produce characteristic amounts and types of
pollutants include: moving "fast", moving "slowly", starting a cold engine, starting a
warm engine, stopping an engine, accelerating, decelerating, idling, and resting. However,
because of its complex nature, the emissions process can be categorized only if some
simplifying assumptions are made. The complexity arises because:
* The relation between a pollutant and a vehicle action (such as speed) is not
always linear.
* The relationship between a vehicle action and pollutant A does not always
parallel the relation between the vehicle action and pollutant B.
* Sources define the relationships between vehicle actions and pollutants slightly
differently.
* Relationships vary for different engine types.
Looking closely at the relations between vehicle speed and emissions, shows how complex
categorizing the emissions process can become. According to Document No. 5, between
the speeds of 0 and 20 mph, the amount of NOx, HC and CO released in vehicle exhaust
decreases sharply. However, between 20 and 50 mph, the release of NOx increases, while
the release of HC and CO continues to drop off. Also, the amount of HC which
evaporates during vehicle operations diminishes consistently with increasing speed.28 It
should be noted that Document No. 2 makes slightly different generalizations. It states
that the emission of HC and CO between the speeds of 20 and 55 mph, is relatively stable.
Emissions of these two gases increases as speeds decrease below 20 mph and increase
above 55 mph. Between 5 and 45 mph, NOx emissions decrease with increasing speed.
Above 45 mph NOx emissions increase with increasing speed.2
28 Document No. 5, p 3-5.29 Document No. 2, p 13.
Figure 2- 1 Pollutants Emitted by Petroleum-Powered Vehicles
(Source: reproduction from Document No. 22, p. 22)
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2.5.3 TCMs are used to eliminate some of the previously mentioned
causes of emissions.
In the previous section the amount and type of emissions were shown to be characteristic
of vehicle type and vehicle use pattern. Certain vehicle types and vehicle use patterns
produce less pollutants than others. TCMs may be used to replace or eliminate the highly
polluting combinations by altering the vehicle fleet mix, the existing vehicle use patterns,
and the vehicle fleet size. For example, "buy-back" 30 programs may be used to remove
less efficient old vehicles from the vehicle fleet. Parking restrictions and the availability of
auto-alternatives could reduce the desirability of auto ownership, and thus reduce the
vehicle fleet size. Zoning and congestion pricing could alter origin-destination patterns
and thereby reduce the length or number of vehicle trips. The three effects of TCMs
commonly noted are change in number of trips, change in vehicle miles traveled (VMT),
and changes to travel speeds.
Unfortunately for the analyst, ranking TCMs is difficult because many TCMs have both
positive and negative effects. For instance, improved traffic signal timing will improve the
efficiency of a road network and thereby increase its attractiveness. By diminishing the
need to stop and start, improved signal timing may reduce idling, acceleration, and
deceleration, and may increase average speed. All of these changes could reduce the
emissions produced by a given vehicle trip. However, improving the road network's
efficiency may increase the attractiveness of auto-travel and therefore generate new trips.
Thus, improved signal timing could increase the number of cold or hot starts, as well as
re-congest the roadways. Since cold starts can account for as much as 50% of emissions
resulting from an entire vehicle trip, and since idling will occur if roadways are re-
congested, the negative effects of this TCM may negate the positive ones.
30 "Buy-back" programs are when older, high-emission vehicles are bought from the owners by the
government in order to reduce the air pollution in a given region. The concept is also known as "cash for
clunkers."
2.5.4 What are the costs and benefits of a TCM program?
Many factors make up the benefits and costs of a TCM program. The goals of a given
region may make some of these irrelevant. Some costs which have been identified include:
* construction and capital costs
* maintenance and administrative costs
* social costs
* stifled economic growth
* reduced mobility
* environmental costs.
Some benefits include:
* improved mobility
* reduced pollution
* regional growth and development.
2.6 HOW EFFECTIVE ARE TCMS AT REDUCING EMISSIONS?
There have been studies which estimate the "average" effectiveness of TCMs. Because
these averages are neither region-specific nor project-specific, they may be highly variable.
For instance, a congestion pricing measure analyzed by Washington, D.C., was predicted
to increase emissions rather than largely decrease them as estimates found in the literature
would suggest.31 Such discrepancies occur for two primary reasons. First, the effect of a
TCM depends on how it is implemented and how people respond. For instance, a five
mile HOV lane would have less of an impact than an entire system of HOV lanes.
Furthermore, a well-enforced HOV system in a highly congested city would attract more
users than the opposite situation. The second reason is related to the analysis methods
and measures used. Different methods and measures each have a unique set of
assumptions imbedded within.
Nevertheless, these "averages" are worth noting. The results of two studies are described
below: (1) a General Accounting Office (GAO) report, and (2) a report prepared by
Apogee Research, Inc.
31 Washington No. 1, preface.
According to a recent report by the General Accounting Office (GAO)3 2 projections of the
impact of TCMs on reducing regional hydrocarbon and carbon monoxide emissions
generally range from less than 1 percent to 5 percent.
Apogee Research, Inc. has developed a listing of "average" impacts to be expected by
certain TCMs. Apogee's report, Document No. 8, describes the generalizing assumptions
they used to convert results of various regions into a uniform set of units; this made the
results comparable. In this manner, the Apogee report on costs and effectiveness of
TCMs calculated typical travel and emissions impacts based on its literature review.
These impacts: percent reduction in daily VMT, percent reduction in daily trips, and
percent reduction in HC emissions, are presented in Table 2- 3.
Apogee also produced a ranking of TCMs according to their ability to reduce HC
emissions and their cost per ton of HC emissions eliminated. This is presented in Table 2-
2 and Table 2- 4.
Table 2- 2 TCMs Ranked by Their Ability to Reduce HC Emissions33
* uongestion 8nicing
* Parking Pricing
* Smog/VMT Tax
* Buy-Backs of Older Cars
HUV Lanes
Incident Management
Employer Trip Reduction
Transit Improvements
Signal Timing
Area-wide Ride-sharing
Park-and-Ride Lots
Bike and Walk Facilities.
Land Use Ilanmng
Telecommuting
Compressed Work Week
3 2Document No. 21. (GAO Report)
33 Document No. 8, p. i. (Apogee's Report)
Bike and Walk FacilitiesUI
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Table 2- 3 Results of Apogee TCM Literature Review: Estimated Travel &
Emission Impacts3m
Area-wide ride-sharing 0.4 0.33 0.35
Transit Improvements 1.0 0.83 0.9
HOV lanes 1.4 0.5 1.1
Park-and Ride Lots 0.45 0 0.3
Bike and walk facilities 0.03 0.04 0.03
Parking Pricing
work 3.0 2.5 2.8
non-work 4.2 5.4 4.6
Congestion Pricing 5.0 3.8 8.2
Compressed Work 0.8 0.7 0.7
Week
Telecommuting 1.1 1.0 1.0
Land Use Planning 5.4 5.4 5.4
Signal Timing -0.02 -0.02 0.41
Incident Management -0.08 -0.07 0.92
Smog/VMT Tax 0.4 0.7 4.1
Buy-backs of Older Cars N/A N/A 3.0
Table 2- 4 TCMs Ranked by Cost-Effectiveness 3s
* 5mog/VM[Il Tax * Parlcng rncing * tiuv Lanes * Compressed work
* Buy-backs of * Congestion Pricing * Park-and-Ride Lots Week
Older Cars * Incident * Transit * Telecommuting
* Area-wide Management Improvement * Land Use Planning
Ridesharing * Employer Trip
* Signal Timing Reduction
* Bike and Walk
Facilities
34 Document No. 8, p. 20. (Apogee's Report)
35 Document No. 8, p. ii. (Apogee's Report)
Chapter 3
Methods Available for
Quantifying the Travel &
Emission Impacts of TCMs
At the core of any technical analysis framework are the actual estimates of a TCM's
potential emission and travel impacts. Thus, this chapter discusses what is the "best"
quantification method for estimating impacts. In Chapter 1 the "best" method was defined
as the method which would:
1. maximize accuracy of the final prioritized list,
2. have a minimal cost, and
3. produce sufficiently precise results.
The analysis and conclusions presented in this chapter are based on an extensive review of
the methods available for quantifying the emission and travel impacts of TCMs. The
chapter begins by discussing the scope of the review in Section 3.1. Ten methodologies
were covered in detail, however many more exist. After Section 3.1 makes clear that a
range of methods are available, Section 3.2 describes some basic similarities amongst the
methods. In essence, it describes how most methods attempt to quantify the emissions
and travel impacts of TCMs. Section 3.3 then discusses why such a range of methods
exists, and what defines a "best"36 method. Section 3.4 concludes the chapter by
summarizing its implications on the desirable structure of a technical analysis framework.
Table 3-1 provides some summary facts on each of the ten methodologies covered. The
table is discussed in Section 3.1. Also, Appendix B contains the full summary and analysis
of the ten methodologies covered in detail.
3.1 SCOPE OF RESEARCH
This chapter provides a comprehensive review of the dominant (as defined by the agencies
consulted), methodologies available for quantifying the emissions and travel impacts of
TCMs as of Spring 1995. The literature review covered ten methods used to analyze
TCMs in the US which were:
1. 4-Step Regional Travel Model
2. TCM Tools
3. CM/AQ Evaluation Model
4. EPA-SAI Methodology
5. Pivot Point Model
6. TRIPS
7. COMSIS TDM Model
8. SMAQMD Methodology
9. AQAT-3
10. SAI-CARB Methodology
Each of these ten methods were reviewed in a uniform manner; for each method some or
all of the following questions are answered in Appendix B:
36 "Best" method is defined as the method which (1) maximizes accuracy, (2) minimizes cost, and (3) is
sufficiently precise.
1. What TCMs can be analyzed using this methodology and at what level of detail
(a) Level of analysis provided by the methodology
This section identifies what level of analysis is provided by the methodology. Generally,
the answer to this will take the form of one of the terms: Screening, Sketch-Planning or
Detailed Analysis. The information provided here should give some indication to the
reader of how rigorous the methodology is and as such, what level of decisions could be
made based on the output.
(b) What TCMs has the methodology been designed to analyze
This section is generally a listing of all the TCMs amenable to analysis using this
methodology, in cases where such information was available.
(c) Does the methodology support the analysis of groups of TCMs
In some cases, one may need to analyze a number of TCMs whose impacts are
interdependent. In such instances, a methodology which accounts for the effects of
interacting measures will be appropriate. This section identifies whether the methodology
has the facility to analyze packages of TCMs.
2. Structure, inputs and outputs of the methodology
This section provides a brief overview of the methodology in terms of its structure, input
requirements, and resultant outputs. In some cases a methodology will consist of a fully
integrated number of modules. These modules may be aimed at analyzing transportation,
emissions and cost-effectiveness impacts as well as other impacts. Other methodologies
will consist of perhaps only a transportation component. In such cases, estimation of
emissions effects and other impacts would require the use an additional method(s). This
section highlights what exactly the methodology is made up of, what it is capable of
analyzing, and what output it provides.
3. Practical Restrictions
(a) How easy is it to obtain the data required for the methodology
A major element in the decision to use any methodology is whether or not the data is
available to actually use it. This section indicates how easy it is to obtain the data required
of the methodology and where this information would typically come from. For some
methodologies, the data requirements are quite extensive and would thus be very
expensive to collect. In other cases, the data may be readily available and so the use of the
methodology might be very practical. The decision of which methodology to adopt will
also be dependent on the level of analysis required and the seriousness of the decisions
which need to be made based on the output.
(b) Computer hardware and software required to use the methodology
This section identifies what the computer requirements (if any) of the methodology are.
The potential user will obviously be constrained by the computer resources available to
him and this will be an obvious determinant in his choice of methodology.
(c) Technical skills required to operate the methodology
This section indicates the necessary computer experience or skills required to use the
various methodologies. Some methodologies are very user-friendly whereas others
require programming experience or other expertise.
The review of each method is contained in Appendix B. However, the analysis and
conclusions relevant to the subject of this thesis are presented in this chapter. Also Table
3-1 provides a summary of the information contained in Appendix B. For each of the ten
methodologies contained in the appendix, Table 3-1 describes who developed the
methodology, what case study regions discussed in Chapter 4 made use of this
methodology, whether the methodology is designed for a specific region or is broadly
applicable, what modules comprise the methodology, what level of analysis the
methodology provides, whether the methodology supports the analysis of TCM packages,
in addition to other unique points of the methodology.
The literature review did not cover some TCM analysis methods which existed or were
being developed at the time research was conducted. These methods were excluded
because (1) they were region-specific and several region-specific methods had already
been included, (2) they were outdated, or (3) they were still being developed. Some of the
region-specific methods referred to were developed by regions in California. Some
examples include:
* Los Angeles Metropolitan Area
* San Francisco / Bay Area (covered in companion report)
* San Luis Obispo
Several regions in Texas have also developed methods:
* NCTOG (North Central Texas Council of Governments) Method, used
in Dallas- Fort Worth Area (included in companion report) for TIP
programming (developed in 1992)
* H-GAC (Houston-Galveston Area Council) method used in H-GAC's
1993 TIP programming (developed in 1992)
* TxDOT (Texas Department of Transportation) method (developed in
1993)
as have several other agencies and consulting firms:
* NCHRP Report 263
* Turnbull Method used in Minneapolis, Minnesota (developed in 1990)
* CM/AQ Evaluation Methodology designed for Pennsylvania by
COMSIS
* TDM Evaluation Methods being developed by JHK & Associates
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3.2 WHAT IS THE GENERAL METHODOLOGY USED TO
QUANTIFY EMISSION AND TRAVEL IMPACTS OF TCMS.
Analysis of the emission and travel impacts of TCMs can naturally be subdivided into two
phases: estimation of travel impacts, and estimation of emission impacts; they must be
conducted in that order because a TCM's emission impacts are a function of its travel
impacts as will be described in section 3.2.2. Not all methodologies address both the
estimation of travel impacts and the estimation of emission impacts. For instance, a
regional travel model only estimates travel impacts. The EPA/SAI methodology addresses
travel and emissions impacts. Some methodologies include a third component; in addition
to estimating the travel and emission impacts of TCMs, some methods also develop a
cost-effectiveness measure. A commonly used method which includes this third
component is called "TCM Tools". The following two subsections describe how
methodologies generally approach quantifying the travel and emission impacts of TCMs.
3.2.1 Estimating Travel Impacts
The implementation of any particular TCM will have an effect on the transportation
network and/or on travelers. For example, the addition of a new transit line adds a link to
the existing network, as well as perhaps causing changes in the travel patterns or mode
choice of certain travelers. Some examples of traveler response include:
* Choosing not to travel as much
* Changing from single to multiple-occupant vehicles
* Changing travel time from the peak period to the off-peak period
* Changing travel route
* Changing mode of travel e.g. from auto to transit
* Changing destination in the form of relocating residence or workplace in order to have
a shorter commute.
In order to predict traveler response the analyst must make some assumptions. For
example, if a ride-sharing program is to be promoted in all large businesses, the analyst
will need to know how many large businesses there are, how many employees each
business has, and the rate of participation in the program, in order to estimate the number
of work trips eliminated. Data on the first two figures might be available or collectible,
but the third figure would have to be estimated based on previous experience or
professional judgment. In addition, assumptions would have to be made about the
probable use of an auto which was left at home rather than driven to work because the
worker chose to ride-share; in other words, assumptions would have to be made about the
potential for the ride-sharing program to produce new trips.
Predicting the effects of a TCM on the transportation network seems more
straightforward, but actually requires a variety of assumptions as well. In particular, link
speeds are dependent on link volumes, which are in turn dependent on traveler response.
Thus, adding a new transit line not only adds a new link to the system, but may also alter
speeds on other links by eliminating auto trips.
Generally, TCM analysis tools quantify traveler and network impacts through three
measures: change in vehicle miles traveled (VMT), change in speed, and change in trips.
These three measures are desirable because they can be easily converted into emissions
impacts.
3.2.2 Estimating Emission Impacts
Estimating emission impacts of the TCM is the second step of a methodology. Emission
impacts are generally presented as percent reduction of hydrocarbons (HC), carbon
monoxide (CO), nitrogen gases (NOx), or some other category of pollutants. In order to
calculate these percent reductions, emission factors are calculated using a program such as
MOBILE5a and then multiplied by the travel changes. A simple sample calculation is:
trip reductions = 5 cold started trips of a light duty gas vehicle (LDGV)
emission factor = 2.48 grams HC per cold started trip of a LDGV
HC reductions = 5 * 2.48 = 12.40 grams
Vehicles continuously emit pollutants. However, the type and amount of pollutant emitted
varies by vehicle type and use. For example, a truck driving ten miles will emit more
exhaust than an auto driving ten miles under similar conditions. Moreover, certain types
of automobiles will emit more exhaust than others. Also, starting a cold engine produces
more emissions than starting a warm one. For these reasons, emission factors are usually
specific to vehicle class and emission categories. MOBILE5a provides emission factors
for each of the following 9 vehicle classes and 7 emission categories: 37
VEHICLE CLASSES
1. Light-duty gasoline vehicle
2. Light-duty gasoline trucks less than 6000
lbs
3. Light duty gasoline trucks more than
6000 lbs
4. Light -duty gasoline trucks, the total
composite of the above two.
5. Heavy-duty gasoline vehicles
6. Heavy-duty diesel vehicles
7. Light-duty diesel vehicles
8. Light-duty diesel trucks
9. Motorcycles
EMISSION CATEGORIES
1. Exhaust
2. Hot Soak
3. Diurnal
4. Crankcase
5. Running Losses
6. Resting Losses
7. Refueling
Document No. 5 provides the following detailed descriptions of the 7 emission categories:
Exhaust: Vehicle tailpipe HC, NOx, and CO emissions which occur during vehicle
operation. Exhaust emissions are further categorized (according to the operating
conditions of the vehicle) into start-up emissions (cold and hot) and warmed-up
stabilized emissions. These are commonly referred to as cold-start, hot-start and hot-
stabilized emissions, respectively.
37 Document No. 5, p. 3-3.
Hot Soak: HC emissions which consist of the evaporation of emissions from the engine
and fuel lines immediately following the end of a trip.
Diurnal: Evaporative HC emissions resulting from temperature fluctuations occurring
when the vehicle is not in use. These are categorized into partial-day, full-day and
multiple-day diurnal according to the period of vehicle non-operation.
Crankcase: HC emissions from the vehicle crankcase during operation, significant only
for older model-year vehicles.
Running Losses: HC evaporative emissions which occur during the operations of the
vehicle.
Resting Losses: HC emissions resulting from permeation of non-metallic evaporative
emission control equipment occurring at all times (when a vehicle is in-use and when
it is not in-use).
Refueling: HC emissions resulting from vapor displacement from the vehicle gasoline
tank and from gasoline spillage during vehicle refueling.
EMFAC7E and BURDEN7C, common analysis models used in California, use five similar
emission categories: running emissions, starting emissions, evaporative running emissions,
evaporative hot soak emissions, and diurnal emissions. Detailed descriptions similar to
those provided for MOBILE emission categories are present on p. 12 of Document No. 2.
In summary, each emission factor produced by MOBILE, or another similar program, is
specific to
* Pollutant Type: for example CO, NOx, or HC.
* Emission Category: for example, exhaust or hot soak.
* Vehicle Class: for example light duty gas vehicle or heavy-duty gas vehicle.
The units of an emission factor might be, for example, grams of HC per mile, or grams of
HC per trip. Multiplying these emission factors by travel impacts such as changes in
VMT, trips, or speed, provides an estimate of the change in emissions.
In order to do this, assumptions are made about how travel impacts translate into
emissions changes. These cause-effect relationships may be summarized in Figure 3-1.
For example, the first cell of Figure 3-1 states that a change in the number of vehicle trips
corresponds to a change in the number of times engines are started (either hot or cold
started engines), which in turn changes the amount of pollution which may be attributed to
the exhaust produced by the starting of hot or cold engines. As a second example,
consider the cell common to "speed" and "hot soak". This cell is not shaded which
indicates that a change in the speed of travel does not change the amount of pollution
which may be attributed to the hot soak of engines.
Figure 3-1 How Travel Impacts Translate Into Emission Changes (shaded squares
indicate the presence of a relationship) 3
hot/cold hot
start running stabilized
exhaust hot soak diurnal loss exhaust crankcase refueling
trios
speed
VMT
Also, Document No. 2 points out that a change in trips effects changes in speed and
VMT. 39 Thus, changes in trips has the most potential to reduce emissions because it
affects all emission categories. In particular, it is the one type of travel impact which may
38 Document No. 5, p3-6.
39 Document No. 2, p12.
reduce hot and/or cold starts. This is very significant because starting a cold engine
produces a considerable amount of emissions, compared to the other emission categories
listed in Figure 3-1.
Not all methodologies analyze the emissions process to the same level of detail. Although
methodologies using more detailed representations of the emissions process may provide
more accurate estimates of emission reduction, they also require more detailed inputs.
When these inputs are unavailable the analyst must estimate their values to use the
methodology. Two examples of inputs which must frequently be approximated are:
* Vehicle Fleet Mix: Because emission factors vary by vehicle type, assumptions about
the vehicle fleet mix will have a direct effect on the estimated emissions impact of the
TCM.
* Cold Start/Hot Start Ratio: Because the emissions from a hot and cold start differ,
assumptions must be made about the proportion of hot to cold started vehicle trips
eliminated by a TCM.
3.3 WHY THERE ARE SO MANY METHODS AVAILABLE, &
WHICH ONE IS BEST
The literature review covered ten methods used to analyze TCMs in the US today. Table
3-1 provides some summary facts. As the table makes apparent, a few agencies are
responsible for most of the existing methods. Namely, COMSIS, Sierra Research, JHK &
Associates, SAI, and Cambridge Systematics have developed several analysis tools. Also,
many of the methodologies are updated versions of other methods or are based on other
methods. Thus, TCM analysis has been continuously evolving in recent years. Some of
this "evolution" has resulted in improved methods and estimates of TCM impacts.
However, this "evolution" has also resulted in a range of methods, none of which is
universally better than the others. Rather, some methods better suit a given set of analysis
needs than other methods do.
Chapter 1 defined the "best" method as the method which would:
1. maximize accuracy of the final prioritized list,
2. have a minimal cost, and
3. produce sufficiently precise results.
There are a few reasons why none of the available quantification methods is universally
"best":
* Even the results of the "most accurate" methods are regarded with skepticism,
according to the literature.
* Any technical analysis framework must balance its accuracy, cost, and precision.
This is because increasing accuracy often increases cost or decreases precision.
Similarly, increasing precision may also increase cost. So the most accurate method
is not always the least expensive or the most precise.
* The ideal balance of accuracy, precision, and cost depends on the requirements of
the specific application.
Thus, while there is no universal "best", there might be a method (or methods) which
"best" suits the needs of a given application. The needs of a given application can be
grouped into two categories:
* Region Specifics, and
* Legislative Requirements.
The "best" tool for a given application will have characteristics which match these needs.
Subsection 3.3.3 summarizes the characteristics of a tool which must be matched to the
needs of a given application. Subsections 3.3.4 and 3.3.5 discuss the various "region-
specific" and "legislative" needs of a given application. But first subsection 3.3.1 presents
some general comments on the accuracy of available methods. Of all the available
methods, regional models have the most potential to produce accurate estimates. Section
3.3.2 presents some general comments on regional-model based versus non-regional-
model based methods.
3.3.1 Accuracy of Results
Some authorities suggest that a general consensus on appropriate TCM modeling
assumptions is being reached. An analyst from the Los Angeles Metropolitan
Transportation Authority (LAMTA) pointed out that analyses of the same project by
different methods produced similar results. Also, the analysis of the same situation by two
methods, TCM Tools and EPA-SAI, produced similar output, according to research
conducted by the Texas Transportation Institute (TTI).40
Although analysis techniques are converging and different methods are producing similar
results, it is still uncertain how accurate these results are. Quantitative results produced by
existing methodologies are generally regarded with skepticism. The literature points out
that because of this uncertainty, current methodologies may best serve as 'learning tools'
through which the analyst familiarizes himself with the relative effects of TCMs.
Just as there is little evidence to prove the results are accurate, there is also little evidence
which proves they are inaccurate. The lack of before/after monitoring, and the tendency
of projects not to be implemented as they were modeled, makes it difficult to determine
how accurate predictions are.
Although there are no conclusions regarding the ability of existing quantification methods
to accurately predict reality, some conclusions may be drawn regarding the theoretical
accuracy of the available methods. From a theoretical perspective, some methods might
produce more accurate estimates because they make a better attempt to capture the
complexities of travel behavior, and the details of travel behavior which are relevant to air
quality. These details of travel behavior were discussed in section 3.2. But, in summary,
the travel impacts relevant to estimating emission changes are
* change in vehicle miles traveled (VMT)
40 Document No. 17, p. 85. This document presents a comparative evaluation of the EPA-SAI
methodology to TCM Tools and concludes that the SAI method is superior although the two methods
produce similar results.
* change in speed, and
* change in trips.
Moreover it is important which portion of the vehicle fleet is affected (i.e. high-emission
vehicles or low-emission vehicles), whether the changes in trips affect "hot-started" or
"cold-started" 41 trips, as well as other such details.
The relationships between travel and emission categories are illustrated by Figure 3-1.
(which was presented and discussed a few pages ago in Section 3.2.2) Document No. 2
states that a change in trips effects changes in speed and VMT.42 Thus, changes in trips
has the most potential to reduce emissions because it affects all emission categories.
Changes in trips are also a very effective means of reducing emissions because they are the
one type of travel impact which may reduce cold starts.
In addition to the above considerations, the literature emphasized some other issues a
more accurate method should address such as:
1. Consistency Within and Amongst Methods
Many TCM analysis needs revolve around comparing options. Because analysis
results are questionable, this may be the best use of them because by using results in
a comparative manner, inaccuracies may negate themselves. However, comparing
results from inconsistent methods (e.g. methods which are based on differing
assumptions) could compound the errors. Thus, the need for consistent methods,
and consistency within a given methodology was considered in the development of
most recent quantification methods.
2. TCM Packages vs. Individual TCMs
Another analysis need which has received increasing attention in recent
methodologies, is the analysis of TCM packages. Methods for conducting such
41 Starting an engine when it is cold produces more emissions than starting an engine when it is "warm".
42 Document No. 2, p. 12 .
analysis have not fully matured. However, it is commonly accepted that the impacts
of TCMs are not additive. Rather, they often have synergistic or overlapping effects.
3. Regional vs. Local
Pollutants and the mobile sources of pollutants tend to cross local boundaries; thus,
conducting analysis on a regional level increases the chances of capturing all of a
TCM's impacts on emissions. However, TCMs are often very local level/ small
scale projects and target a specific subset of the region's population. When this is
the case, the impacts of the TCM are often too small to be captured by regional-level
analysis - since regional-level models tend to aggregate regional characteristics and
analyze impacts at a grosser level.
4. Multimodal
As mentioned earlier, changes in vehicle trips has the most potential to reduce
emissions. Reducing the number of vehicle trips made in a region involves
influencing inhabitants:
* not to travel as much, or
* to choose a different mode of travel.
A traveler's choice of travel mode depends on the relative attractiveness of the
available modes, more than on the attractiveness of any given mode. Conducting
analysis on a multimodal level enables the analyst to determine a TCMs affect on the
relative attractiveness of modes, and thus a TCMs ability to change the number of
vehicle trips made in the region.
5. Long-term vs. Short-term
Projects which improve air quality in the short-term do not necessarily improve it in
the long-term, and vice versa. For example, an improvement to traffic flow may not
only reduce emissions from existing vehicle traffic or improve the quality of bus
service, but may also increase the capacity of the roadway system. If, in the long-
term, this increased capacity is filled with new vehicle trips and the roadway is
returned to its original congested state, the "traffic flow improvement" will facilitate
a net increase in vehicle emissions in the long-term, rather than the decrease
experienced in the short-term. However, if the increase in vehicle trips would have
occurred even if the roadway had not been improved, then the roadway
improvement would have even larger benefits in the long-term than it would in the
short-term.
6. Transportation System vs. Urban System
A transportation project is not a completely independent entity; it interacts with the
rest of the urban environment and especially with other transportation projects. In
order to produce the most realistic and accurate estimate of a project's impacts, its
impacts on the rest of the transportation system and urban structure are often
considered. This is particularly important in the estimation of a project's long-term
impacts. The short-term picture is much simpler than the long-term one because in
the short-term housing location, job location, population, and car ownership are
relatively constant.
This discussion only begins to touch on the many issues related to accurately estimating
the travel and emission impacts of TCMs. Amongst these issues are concerns related to
estimating impacts of transportation projects in general; this is a very lengthy and
developed subject beyond the scope of this thesis. However, professionals experienced in
the field of impact analysis, and familiar with the range of issues involved, suggest that, of
all the available methods, regional models have the most potential to produce accurate
predictions. This is partly because they model reality more closely than other methods
and are calibrated with region-specific data. They are regional and multimodal in scale,
have the ability to analyze TCM packages, and are consistent within themselves. Some
regional modeling systems have the ability to consider the impacts on urban-structure.
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Although the regional travel model provides the most accurate estimates, and is perhaps
the oldest of all the methods identified, other methods have emerged. This has three
explanations. One, regional models can not model all TCMs. Two, like some other
methods reviewed, regional models only analyze the travel impacts. Since the emission
impacts of TCMs are the main issue, the analyst must use the regional model in
conjunction with another methodology to fully analyze TCMs. Third, accuracy of results
is not the only issue when selecting a methodology. Not all applications require the level
of detail provided by a regional model. Also, they are one of the more time consuming
and data intensive methods. Thus, a variety of TCM analysis tools have developed to suit
a variety of TCM analysis needs.
3.3.2 Regional-Model Based vs. Non-Regional Model-Based Methods
In general, TCMs can be analyzed using either regional models (entirely or parts thereof)
or by using non-regional model-based approaches. Regional models were not developed
specifically for the analysis of TCMs, but it is the case that many of the changes brought
about by TCMs can be determined using these models. TCMs amenable to analysis using
a regional model would include any measure whose effects can be reflected by the
variables contained in the model. The effects of all TCMs cannot necessarily be illustrated
using this type of model because many TCM effects are too small to be captured by this
means.
There are other approaches to analyzing TCMs that do not involve the use of regional
models. Many of these analysis methodologies are discussed in this summary. These are
generally applied in situations where the regional model is either non-existent, not
sensitive enough to the TCM under consideration, or too time consuming an approach to
be worthwhile. These Screening or Sketch-Planning approaches are sometimes more
easily applied, faster and cheaper than the full regional model. They do not require the
same quantity of data input and are designed to be specific to TCM analysis as opposed to
the more gross level analysis inherent in the use of regional models.
3.3.3 Characteristics of Quantification Methods
As mentioned in the previous section, not all quantification methods produce equally
accurate and precise results, or cost the same amount to use. Moreover, a method which
is most accurate or costs the least for one application, might be the most expensive and
inaccurate method for another application. Listed below are the characteristics which
determine if a given quantification method "best" serves a given application:
* Is the quantification method region specific or broadly applicable (Section 3.3.3.1
discusses this in more detail.)
* Which TCMs the quantification method can analyze.
* Which TCMs the quantification method has been designed to analyze.
* Does the methodology support the analysis of groups of TCMs (i.e. TCM
packages.)
* How rigorous the quantification method is and as such, what level of decision
could be made based on the output.
* Structure, inputs, and outputs of the method.
* What type of data is required to use the method.
* What type of technical skills, hardware, and software are needed to use the
method.
Appendix B presents the 10 quantification methods covered by the literature review and
describes the above characteristics of each method. Table 3-1 presents an overview of the
ten methodologies covered in Appendix B.
In order to determine the "best" quantification method for a given application, the
characteristics listed above should match:
1. the characteristics of the region in which the method will be used, and
2. the legislative requirements which stimulated or guide the particular application.
In other words, the method should match the application and vice versa. Section 3.3.4
and 3.3.5 discuss the characteristics which define a given application.
But first, the next subsection discusses one of the characteristics of quantification models
in more detail.
3.3.3.1 Was the Quantification Method Designed for a Specific Region or is it
Broadly Applicable
The more accurately a methodology accounts for the specifics of a region, the more
accurately it may estimate the impacts of a TCM. Aspects such as city-structure, existing
travel habits, regional culture, climates, and geography all affect a TCM's potential to
reduce emissions and alter travel behavior. These aspects are reflected in the quantitative
results through elasticity estimates and other default inputs. Some methodologies were
developed for a specific region and provide default values which require extensive
resources to replace; other regions would have difficulty calibrating such a method based
on their own region-specifics. However, many methodologies attempt to facilitate the
process by prompting the user for region-specific replacements.
Also, many methodologies are region-specific in the sense that they have been designed to
suit the data, software, hardware, and staffing resources available to a specific region. For
instance, methodologies developed for regions in California rely on EMFAC and
BURDEN emission models, rather than the EPA's MOBILE emission model which is
used in most other states. Although the models are similar, care must be taken when
interchanging the models to ensure that units and other such details correspond.43
3.3.4 Characteristics of a Specific Region
Some characteristic of a region which influence which method is the best for a given
application are listed below.
43 Document No. 5, p3-2.
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The dominant region-specific characteristic regards what role the region has assigned
technical analysis in its overall planning process. Earlier in the thesis (chapter 1) the
overall planning process was broken down into three components: technical, political, and
private citizens and businesses. All three components influence the final decision making
process in their own unique way; together they form a system of checks-and-balances.
How technical analysis is expected to facilitate decision making within this system of
checks-and-balances would largely determine how accurate it needs to be, how precise,
and how much money the region would be willing to spend on producing these technical
results.
Aside from this major region-specific, the ideal balance of accuracy, cost, and precision
also depends on region-specifics such as:
1. Data availability. Each quantification method requires certain data inputs
before it can produce output. Most regions collect data to facilitate analysis.
Either the region chooses a quantification method which does not require
more data than it typically collects or would have to collect for other
purposes, or the region chooses to collect the data required for the chosen
quantification method. The later case might prove more expensive than the
former, while the former might limit the range of methods available.
2. At what point in the planning process are projects defined in detail. Projects
begin as ideas, and are gradually specified in more and more detail. It is
difficult to estimate the impacts of a project which has not yet been clearly
defined. Quantification methods require project-specific inputs before they
may produce impact estimates. Thus, certain methods may only be applicable
after the point in the planning process at which sufficient project-specific
inputs are available.
3. Which TCMs the region would like to analyze. This has two implications on
the choice of quantification method. First, certain quantification methods
cannot analyze the full range of TCMs. Second, given that the quantified
impact estimates will eventually be used to rank TCMs relative to one
another, it is important that the estimates are produced in a comparable
fashion.
4. Organizational structure of regional planning agencies. Quantifying the
impacts of TCMs or TCM packages often involves coordination across modes
or localities. For example, if a regional-level technical staff analyzes TCMs
while mode-specific agencies will be responsible for implementing them, the
technical staff might coordinate with the modal agencies to ensure that TCMs
are modeled as they might be realistically implemented. The structure of
regional planning agencies influences a region's ability to coordinate TCM
analysis in this and other ways.
5. The region's technical capabilities. In other words, the trained staff,
hardware, and software the region already possesses. The region could
always increase its technical capabilities, but this generally has cost
implications. The region's technical capabilities would match the technical
requirements of the "best" method.
6. Financial restrictions. How much money the region has decided to spend on
quantifying the impacts of TCMs would limit the set of quantification methods
available.
7. Timing restrictions. How much time the region has available for conducting
the analysis influences its choice of analysis method since certain methods are
more time-consuming than other methods.
3.3.5 Legislative Requirements
Oftentimes analysis is conducted to help determine which projects to include in a federally
mandated document such as the Transportation Improvement Program (TIP) or a State
Implementation Plan (SIP). Including projects in such documents commits the region to
implementing them. The case studies focused on TIP and SIP processes, and Chapter 4
analyzes the implications of their legislative requirements on the choice of quantification
methods, as well as prioritization methods.
In addition to the TIP and SIP, regions are also governed by a variety of federal, state, or
even regional level legislative requirements which influence their project selection process.
For example, planning regions in California are subject to the unique requirements of the
California Clean Air Act. Also, the Puget Sounds Region (which includes Seattle) is
subject to Washington State's regional growth-management act.
3.4 CONCLUSIONS: IMPLICATIONS ON HOW TO BEST DEVISE
A TECHNICAL ANALYSIS FRAMEWORK
One of the main conclusions of this chapter is that TCM analysis has been continuously
evolving in recent years. Some of this "evolution" has resulted in improved methods and
estimates of TCM impacts. However, this "evolution" has also resulted in a range of
methods, none of which is universally "better" than the others. Rather, some methods
better suit a given set of analysis needs than other methods do.
Chapter 1 defined the "best" method as the method which would:
1. maximize accuracy of the final prioritized list,
2. have a minimal cost, and
3. produce sufficiently precise results.
There are a few reasons why none of the available quantification methods is universally
"best":
* Even the results of the most accurate methods are regarded with skepticism,
according to the literature.
* Any technical analysis framework must balance its accuracy, cost, and precision.
This is because increasing accuracy often increases cost or decreases precision.
Similarly, increasing precision may also increase cost. So the most accurate method
is not always the cheapest or the most precise.
* The ideal balance of accuracy, precision, and cost depends on the requirements of
the specific application.
Thus, while there is no universal "best", there might be a method (or methods) which
"best" suit the needs of a given application. The needs of a given application can be
grouped into two categories:
* Region Specifics, and
* Legislative Requirements.
The "best" tool for a given application will have characteristics which match these needs.
It is a two-way matching process which determines the best method for a given application
in the sense that not only must the method suit the application, but also the application
must suit the method. Not only does a range of quantification methods exist, but there are
also a range of application approaches. In particular, it should be noted that many region-
specifics may be altered in the long run. Regions can choose to
* acquire new data, hardware, or software
* develop a new quantification method for themselves
* reorganize their planning structure, or
* alter the role impact estimates play in the decision-making process
in order to improve their impact estimates and/or the quality of their overall decision-
making process. Figure 3-3 illustrates the two-way matching process which determines
the best match of method and application.
The previous discussion leads to the second main conclusion of this chapter: The
literature points out that because of their uncertainty, current quantification methods may
best serve as 'learning tools' through which the analyst familiarizes herself with the
relative effects of TCMs. This limits the potential applications of analysis results; in other
words, because of their limited accuracy, impact estimates can only contribute so much to
the decision-making process.
Just as there is little evidence to prove that impact estimates are accurate, there is also
little evidence which proves they are inaccurate. This is the third main conclusion of this
chapter. The lack of before and after monitoring, and the tendency of projects not to be
implemented as they were modeled, makes it difficult to determine how accurate
predictions are.
Although there are no conclusions regarding the ability of existing quantification methods
to accurately predict reality, some conclusions may be drawn regarding the theoretical
accuracy of the available methods. From a theoretical perspective, some methods might
produce more accurate estimates because they make a better attempt to capture the
complexities of travel behavior, and the details of travel behavior which are relevant to air
quality. Professionals experienced in the field of impact analysis, and familiar with the
range of theoretical issues involved, suggest that, of all the available methods, regional
models have the most potential to produce accurate predictions.
Accuracy is not the only consideration when choosing a quantification method.
Sometimes other methods are more appropriate. The most appropriate method for a
given application is determined by the two-way matching process previously described and
illustrated by Figure 3-3.
The fourth and final major conclusion drawn by this chapter is that analyzing the methods
used to quantify emission and travel impacts of TCMs revealed a few basic insights
regarding the type of methods most likely to accurately estimate a TCM's impacts on
emissions. These insights were discussed fully in section 3.2. But, in summary, the travel
impacts relevant to estimating emission changes are
* change in vehicle miles traveled (VMT)
* change in speed, and
* change in trips.
Moreover it is important which portion of the vehicle fleet is affected (i.e. high-emission
vehicles or low-emission vehicles), whether the changes in trips affect "hot-started" or
"cold-started" 44 trips, as well as other such details.
44 Starting an engine when it is cold produces more emissions than starting an engine when it is "warm".
The relationships between travel and emission categories are illustrated by Figure 3-2
(which was also included as Figure 3-1 and discussed in Section 3.2.2). Document No. 2
states that a change in trips effects changes in speed and VMT.45 Thus, changes in the
number of vehicle trips has the most potential to reduce emissions because it affects all
emission categories. Changes in trips are also a very effective means of reducing
emissions because they are the one type of travel impact which may reduce cold starts.
Starting an engine cold produces a considerable amount of emissions, compared to the
other emission categories listed in Figure 3-2.
Figure 3- 2 How Travel Impacts Translate Into Emission Changes (shaded squares
indicate the presence of a relationship)
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In addition to the above considerations, the literature emphasized some other issues that a
more accurate method should address such as:
1. Consistency within and amongst methods;
2. TCM packages vs. individual TCMs;
3. Regional vs. local;
4. Long-term vs. short-term; and
5. Transportation system vs. urban system.
45 Document No. 2, p.12.46 Document No. 5, p3-6.
Figure 3- 3 Characteristics of the Quantification Method Should Match the Needs
of the Given Application, and Vice Versa
The above discussion summarizes some of the issues which were highlighted in the
literature; however, estimating travel and emission impacts is a very complicated subject
consisting of many more issues than were highlighted by this thesis (many of these issues
were not highlighted because they have already been resolved or are well-accepted.) The
issues highlighted by this chapter are not only relevant to the choice of quantification
method, but also to the choice of prioritization method, and the organizational structure
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quantification method has
been designed to analyze.
* Does the methodology
support the analysis of
groups of TCMs (i.e. TCM
packages.)
* How rigorous the
quantification method is and
as such, what level of
decision could be made
based on the output.
* Structure, inputs, and
outputs of the method.
* What type of data is required
to use the method.
* What type of technical skills,
hardware, and software are
needed to use the method.
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within which analysis is conducted. Thus, these insights are carried into the next chapter
which discusses the prioritization methods and organizational structures currently being
used by five case study regions.

Chapter 4
Findings from the Case Studies
Chapter 3 discussed how to choose a quantification method which best meets the demands
of a given application. However, the choice of quantification method is only a subset of a
much broader issue: how to use technical analysis to facilitate prioritization decisions. To
explore this broader issue, five detailed case studies were collected (including Boston) and
the methods they used were observed. This chapter summarizes the findings from the case
studies. The full case studies are contained in Appendix A and Figure 7-2 presents an
overview of the case studies. (The implications of this table will be discussed in Section
4.2)
This chapter begins with a discussion of which regions were studied in Section 4.1 and a
discussion of the scope of the case studies in Section 4.2. In particular, Section 4.2
describes the format used to conduct each case study and the type of information gathered
from each one.
After these introductory sections, the chapter begins to summarize the findings from the
case studies. Section 4.3 discusses the methods regions used to estimate the impacts of
TCMs. Section 4.4 discusses the methods used to prioritize and select projects in the
processes covered by the case studies. Section 4.5 describes how regions chose to
structure their overall project selection processes. In particular, it describes how regions
chose to mix and match the methods discussed in sections 4.3 and 4.4. Then Section 4.6
discusses the legislative requirements specific to TIP and SIP processes; these
requirements often govern the structure of a project selection process and the types of
methods employed within the structure. Section 4.7 presents some general organizational
and institutional issues raised by the case studies.
Section 4.8 concludes the chapter with a summary of its main points. In particular, it
summarizes how the case study regions used technical analysis to facilitate prioritization
decisions.
4.1 WHICH REGIONS WERE STUDIED
Information was collected from the ten regions listed in Table 4-1. Of these regions, five
were pursued in detail: Boston, Dallas-Fort Worth, Seattle, San Francisco, and
Washington, DC. Each of the five detailed case study regions have been classified as non-
attainment areas by the USEPA. Appendix A provides an in depth description of how the
case study regions were selected and why they were selected.
Table 4-1: List of regions studied and type of information obtained from each.
(regions printed in bold were studied in detail)
REGIONS in/including PHONE INTERVIEW DOCUMENTATION
Boston Region yes yes
Los Angeles, CA yes yes
Houston, TX yes no
New Jersey no yes
State of Pennsylvania no yes
Seattle, WA yes yes
San Diego, CA yes yes
San Francisco, CA yes yes
Dallas-Fort Worth, TX yes yes
Washington, DC no4 yes
47 A telephone interview was not conducted for Washington, DC because the documentation available was
detailed and specific enough to the purposes of the research.
4.2 SCOPE OF CASE STUDIES
The five detailed case studies present some specifics on the current-state-of-practice as
regards TCM Program Development. In the context of this report, 'TCM Program
Development' refers to the processes through which TCMs are selected and brought
towards implementation. It consists of four primary steps:
1. Identification of an air quality problem during a SIP or EIS-related analysis.
2. Identification of TCMs which could relieve the air quality problem. These
TCMs may be grouped into a 'TCM program' as part of the SIP, or may be
included as mitigation measures in an EIS.
3. Incorporating these commitments into the Transportation Plan (TP), the
region's long-range transportation plan.
4. Programming these commitments into the Transportation Improvement
Program (TIP), the region's short-term transportation plan. Including a
project in the TIP entails defining the project specifically (relative to the level
of detail required by the SIP) and identifying a funding source (such as
CM/AQ).
Due to the lengthy and complex nature of this development process, individual case
studies do not discuss all four of its stages with uniform detail. Rather, individual case
studies may focus on one or two stages. For example, they may focus on (1) the selection
of TCMs for the SIP 15% reduction plan or contingency plan, (2) programming TCMs
into the TIP, or (3) the assignment of funding (such as Congestion Mitigation/Air Quality
(CM/AQ) funds) to TCM projects during the TIP programming. However, as a unit,
these case studies provide insight into all stages of the TCM program development
process. To guide the reader towards this macro-perspective on TCM program
development, Table 4-2 has been provided. It summarizes the information presented by
each case study. Details of the five case studies are in Appendix A.
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Also, it should be noted that the research did not begin with an intention to collect
information mainly on TIP and SIP processes. Nor, did it begin with a full understanding
of what the TCM prioritization process consisted of. Interviewees from regional
transportation planning agencies were asked for "methods used to prioritize TCMs" or for
information on the '"TCM program development process." Interviewees generally
responded by describing a TIP or SIP process. Therefore the case studies focus on TIP
and SIP processes - which is not a misfortune since these are two critical decision stages
of the prioritization process.
Each of the five detailed case studies included in Appendix A uses a similar format
attempting to address some or all of the following nine issues:
1. Why the region was included as a case study
* What is special about it: has it had extensive experiences with TCMs, are its
experiences well documented, has it had severe air quality problems, how does it
relate to the final project objective of developing a methodology for Boston.
* What is the regions non-attainment status according to EPA standards.
* Who suggested including the region as a case study.
2. Brief regional profile
* Size of area.
* Population.
* Extent of transit, highway, and other transportation system components.
* Unusual characteristics.
* Impacts of regional characteristics on air quality and congestion.
3. Description and Status of current TCM related programs
* This section lists the TCM programs to be discussed in this case study; it lists
specific projects. It may also include a discussion of past TCM programs and
other TCM-related programs not described in the case study, since many regions
have developed multiple or ongoing TCM related programs. Not all case studies
provide a broad picture of all regional TCM-related processes. Some case
I I
studies focus on just one, like a CMAQ process, a TIP process, or an SIP
process.
4. Organizational Structure
* The agencies involved in the development of TCM programs, and the
responsibilities given to each agency.
5. Methods used to prioritize and select projects
* Process: sequence of events leading to final project selection.
* Qualitative and quantitative methods used to select and prioritize projects. For
example, the criteria used to score projects and the methods used to measure
these criteria (e.g. if a criteria was "trip reductions" then a travel model may
have been used to measure these.)
* Results: how projects were ranked and which projects were chosen.
6. Methods Used to Estimate the Impacts of TCMs
* Methods (e.g. models) used to predict the effects of a TCM or group of TCMs.
* How applied to measures: what method was used to analyze each measure.
Some example methodologies may be presented - the level of detail of the
example depends on the availability of information. An example could include
such items as: assumptions made, inputs needed, and calculations made.
* Degree of accuracy identified: In other words, the ability of the analysis method
to successfully predict impacts or relative impacts. Answers to this section are
subjective and usually based on a phone interview.
7. Institutional and Political ssues:
* This section is related to the section on organizational structure. It will point out
experiences with coordinating committees, delegating authority, etc. For
example, Washington, DC pointed out the need to consult agencies which will be
implementing the project to guarantee sufficient resources are available for
implementing the project in the way it was defined during the project selection
process. For instance, during the project selection process, a project may have
been defined as part of a TCM package and thus, as being implemented at a
specific time relative to the other projects. This package of TCMs may have
then been selected for their synergistic effects. If the responsible agency is unable
to implement the project according to the presumed schedule, the synergistic
effects may not be captured and the original premise for selecting the TCM
package would be false. Thus, the responsible agency should be consulted
before the project is selected to ensure that it can be implemented as planned.
8. Lessons Learned
* What did the agencies involved in the process learn from their experiences; what
do they think were some strengths and weaknesses of the process they followed,
the analytical methods they used, or the decisions they made.
9. Summary and Conclusions
* What did we learn from this case study.
The first two of the nine issues contain background information on the case study regions.
These two issues are:
* Why the Region was Included as a Case Study
* Brief Regional Profile
The third of the nine issues, "Description and Status of Current TCM Related Programs,"
addresses one of the assumptions which limit the scope of this thesis. Namely, in Chapter
1 of this thesis it was assumed that "the region has developed an exhaustive list of
potential TCM investments prior to beginning the technical analysis." The third issue
listed above often confirms this assumption by identifying the initial list of TCMs which
were to be ranked and prioritized by the case study region.
The remaining six issues are relevant to the main subject of this thesis: developing a
technical analysis framework for prioritizing TCM investments in the Boston region.
These six issues are:
* Organizational Structure
* Methods Used to Prioritize and Select Projects
i
* Methods used to Estimate the Impacts of TCMs
* Institutional and Political Issues
* Lessons Learned
* Summary and Conclusions
The next few sections of this chapter (sections 4.3 through 4.7) present the conclusions
from these six issues.
4.3 METHODS USED TO ESTIMATE THE IMPACTS OF TCMS
Chapter 3 describes the range of quantitative methods available for analyzing the emission
and travel impacts of TCMs. In addition to the numerous mathematical methods
described in that chapter, there is also the option of using qualitative analysis for
measuring a project's impacts. Of course many of the quantitative methods, are based on
qualitative analysis. For example, analyzing the impacts of a ride-share program might
require an assumed participation rate as input. This assumed rate would be chosen based
on previous experience or professional judgment.
The case study regions contained in this report used a combination of quantitative and
qualitative analysis. When adopting a quantitative approach one or more of three methods
were generally used:
1. detailed regional travel model
2. pre-packaged sketch-planning technique such as TCM Tools or COMSIS
TDM
3. a sketch-planning method designed to analyze a specific type of measure for
that region.
Table 4-3 summarizes the particular quantitative methods used in each case study region.
Table 4- 3 Quantitative Analysis Methods Employed By Each Case Study Region
In Project Selection Process
Case Study Analysis Tools How Tools Were Used
Region
Washington, * Regional Mode-Choice Model After screening, 59 measures remained
DC * COMSIS TDM Evaluation Model and were analyzed in detail using these
* Sketch-planning methods devised by methods.
the region
Dallas- * Appendix E describes the hand- These methodologies were used to score
Fort Worth computation method used to about 1000 projects during D-FW's
estimate impacts. 1995 TIP Process (assignment of
CMAQ funds).
Seattle * TCM Tools Seattle used these methods to analyze
* User Defined measure within TCM air quality impacts and score projects
Tools during its 1995 TIP Project
Review/Evaluation Process.
San Screening: San Francisco used these tools during
Francisco * STEP the development of its 1990 TCM Plan.
* LOCATE
* CHAIN
* Inference based on elasticities
* Inference based on case study data
Detailed And TCM-Package Analysis:
* MTC regional travel forecast model
system
Boston Boston has a range of methods available These methods were used during the
for analyzing TCM impacts as 1994 PMT (Program for Mass
described in Appendix N. In general Transportation) development process.
they fall into three categories: regional Also, the Clean Air Task Force51 used
model-based, partially regional model- these methods in 1993 to develop their
based, and non-regional model-based. recommendations regarding strategies
for attaining and maintaining air quality
in the state (SIP related process).
The implications of the information summarized above on the desirable structure of a
technical analysis framework are described by the next two sections (4.3.1 and 4.3.2).
The first section expands on the conclusions drawn in Chapter 3 regarding the factors
which determine if a particular method is "better" than another method. Section 4.3.2
51 See Chapter 5 for a more detailed description of the Clean Air Task Force and their relation to the SIP
development.
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then discusses some recurring issues found in the case studies with regard to the
estimation of TCM impacts.
4.3.1 Factors which Determine if a Particular Analysis Method is Better
Than Any Other Analysis Method
The factors which determine which quantification method is best for a given application
were discussed in detail by Chapter 3. The discussion is summarized by Figure 3-3.
However, the case studies added some depth to this discussion. First, they expanded the
range of available methods for estimating a TCM's impacts to include qualitative methods,
not just quantitative ones. Second, they provided some "real-world" examples of the
issues raised in Chapter 3. Some of these "real-world" examples are discussed in the next
subsection, subsection 4.3.2. Third, the case studies clarified the types of legislative
requirements which affect the choice of method for estimating TCM impacts. Section 4.4
addresses this issue.
4.3.2 Recurring Issues Found In The Case Studies.
A few issues on the subject of impact analysis arise repeatedly in the case studies: (1) how
to package TCMs in order to capture synergistic effects, (2) when to start analyzing TCM
packages, (3) analyzing measures using methods which produce comparable results, (4)
the appropriate use of detailed travel models vs. sketch planning techniques, (5) when to
invest time in conducting technical analysis, (6) the usefulness of quantified impact
estimates, (7) the importance of considering land-use impacts, and (8) sometimes
qualitative analysis is more accurate than a quantitative approach. Many of these issues
were initially brought up by Chapter 3, but the examples found in the case studies add a
new depth to the discussion as the following paragraphs will show.
(1) How To Package TCMs In Order To Capture Synergistic Effects
In Chapter 3 it was mentioned that the literature suggested that more accurate impact
estimates tend to consider TCM packages. Washington, DC and the San Francisco Bay
Area (SFBA) both suggested packaging schemes. Washington, DC considered packaging
TCMs:
* by mode
* by date of effect and/or benefit
* by degree of difficulty or implementation
* by economic factors such as market based, combined public-private
approach, and public investment
* by underlying life style values and preferred outcomes.
Eventually Washington, DC packaged 14 TCMs into five groups: (1) Public Information
Campaign, (2) Traffic Engineering/Advanced Technology, (3) Employer Trip Reduction
(support), (4) Transit and HOV Incentive, and (5) Employer Commute Option Program.
The San Francisco Bay Area eventually grouped 21 measures into 7 similarly titled
packages: (1) Employer-Based Measures, (2) Mobility Improvements, (3) Traffic
Operations Management, (4) User Incentives, (5) Alternative Revenue Concepts, (6)
Transit/Land Use Integration, and (7) Implementation Support.
(2) When To Start Analyzing TCM Packages
Analyzing TCM packages is one means of capturing synergies in the impact estimates. As
the prioritization process progresses, the number of potential projects becomes
increasingly smaller, as does the number of potential TCM packages. Thoroughly
analyzing the numerous possible TCM packages available early on in the prioritization
process would be labor intensive and possibly fruitless. If TCM packages were to be
analyzed at this early stage of the process, only selected ones would be targeted most
likely. Dealing with the issue later in the prioritization, when many projects have been
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screened out, fewer potential packages exist and they may indeed be the better ones,
depending on how the initial screening stages were conducted. Washington, DC took this
approach in its SIP TCM prioritization process. Initially about 164 TCMs were screened
partly based on a rough score. One of the scoring criteria was the projects "synergistic
effects" measured on a high-medium-low scale. When only 59 measures remained,
Washington, DC attempted to group TCMs so as to capture synergistic effects.52
By dealing with the packaging issue late in the process, TCMs with small individual
benefits but large "synergistic" potential might be overlooked. The results of San
Francisco's analysis exemplify this concern. The sum of individual impacts they selected
was less than the cumulative impacts of all measures. This may occur because certain
TCMs have "overlapping" effects (e.g. target the same market group) as opposed to
synergistic benefits. (This is not to say that San Francisco packaged TCMs too late in the
process, just that their results show how impacts are not necessarily additive.)
Another drawback of packaging TCMs later rather than earlier is that time is often scarce
later in the process, and analyzing synergistic effects might be neglected. Such was the
case in Washington, DC who abandoned their efforts to package TCMs due to time
constraints.
(3) Analyzing Measures Using Methods Which Produce Comparable Results
This was also an issue raised by Chapter 3. Since impact estimates are often used to rank
projects relative to one another, impact estimates should be of comparable accuracy and
precision to produce an equitable ranking. In order to ensure this, Seattle employed the
same method, TCM Tools whenever possible. Although using one method to analyze all
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52 Washington No. 1, p. 5-10.
projects does not ensure comparable results, it does ensure a certain degree of uniformity
if the method was devised with comparability in mind (e.g. assumptions used to analyze
different TCMs might be consistent). In contrast to Seattle, Washington, DC used a
variety of methods to perform its analysis. Rather than comparability, Washington, DC
seemed to stress the use of the most accurate analysis tool for each measure. Thus,
Seattle and Washington, DC adopted varied approaches to balancing accuracy and
comparability of analysis results.
(4) The Appropriate Use Of Detailed Travel Models Vs. Sketch Planning Techniques
As was discussed in Chapter 3, more detailed and therefore accurate analysis methods
consume more human, as well as hardware, time. Sketch-planning methods such as TCM
Tools (which Seattle used) and the COMSIS TDM model (which Washington, DC used)
are less labor intensive than regional travel models (not considering training time), and
they offer reasonably accurate results, according to several case study regions.53
(5) When to Invest Time in Conducting Technical Analysis
Each region invested time into analysis to different degrees and at different stages of the
decision-making process. To illustrate this variation, compare the cases of San Francisco
and Washington, DC's SIP processes. After the initial screening, Washington, DC
conducted detailed analysis on about 59 measures, using a combination of techniques:
COMSIS TDM, detailed travel model, and regionally-devised methods. San Francisco
used a combination of region-specific models to perform screening-level analysis and used
their detailed regional travel model when a few TCMs remained and could be combined
into control plans.
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53 Interview No. 9.
(6) The Usefulness of Quantified Impact Estimates
Although each region employed analysis methods differently, most case study regions
agreed on the usefulness of having quantified results to aid in project selection. In
particular, members of Los Angeles, Seattle, and Dallas-Fort Worth agencies all
mentioned this point. Although this general issue is agreed upon, exact opinions vary even
within a given agency. For example, while one individual from LA mentioned the lack of
effective analysis methods, another found results from existing methods to be useful and at
least "better than nothing."
(7) The Importance of Considering Land-Use Impacts
In general, model systems which include a land-use component or feedback loops between
components - do a better job of capturing induced impacts54 than models which do not
include these elements. Washington, DC noted that a weakness of its technical analysis
for congestion pricing and other market measures was the lack of a land-use feed back
(i.e. the analysis used a fixed trip table that did not account for distribution effects).55
Many regions possess modeling systems that include land-use components and feedback
loops. For example, Boston itself recently integrated a land-use allocation model with its
transportation models. Now, not only can the impacts of population and employment on
transportation be forecasted, but also the impacts of transportation on population and
employment. 56 However, regions do not always use their detailed models to produce
impact estimates. Often they use more "rough" sketch-planning methods because they
better suit the overall analysis needs than the more detailed models.
54 Induced impacts are indirect impacts of a transportation project. Some examples of induced impacts
include, changes to the urban structure, an individual changing their employment or residential location,
an individual changing the number of cars they own, or diverting congestion to a component of the
transportation system not associated with the project at hand.
5s Washington No. 1, p. 10-11.
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(8) Sometimes Qualitative Analysis Is More Accurate Than A Quantitative Approach
Because insufficient data can lead to inaccurate estimates, it is good to match data
availability with analysis tool, and available time. In the light of insufficient data, one
possible solution might be to use qualitative measures rather than producing really
inaccurate quantitative ones. Regions often adopted this approach earlier on in the
decision-making process. For example, Washington, DC based its initial project scores on
impact estimates which were derived largely from qualitative analysis.
4.4 METHODS USED TO PRIORITIZE AND SELECT PROJECTS
In the case studies, project rankings were derived from a mixing and matching of three
types of methods:
1. screening,
2. scoring, and
3. raw evaluation measures.
These three methods were combined in a variety of ways to produce ranking schemes.
Some examples of ranking schemes include:
* Screening: Sometimes regions ranked projects based purely (i.e. no scoring is
used) on screening criteria. An example of a "pure" screening criteria is:
'TCMs committed to in the SIP automatically pass the screen and are given top
priority". Boston's TIP project selection process uses this screening criteria.
Other examples of "pure" screening criteria are contained in Table 4-4. (p. 108)
* Scoring: None of the processes focused on by the case studies ranked projects
based solely on their total project scores.
* Screening and Scoring: Some regions combined screening and scoring as
follows. They ranked projects through screening; however, one of the
screening criteria was related to a project's score. This screening technique was
56 Boston No. 2, p. B-3.
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used by both Washington, DC and Dallas-Fort Worth as is described in Table 4-
4. (see page 108)
Raw Evaluation Measures and Qualitative Analysis: Some regions ranked
projects based on qualitative analysis supported by some quantitative "raw
evaluation measures." A few regions used this method at some point in their
project selection processes. This was the only ranking method used in the
development of Boston's PMT. Washington, DC used this method at some
points of its project selection process, but used other types of ranking schemes
at other points in its process. The range of ranking methods Washington, DC
used in its project selection process is discussed further by Section 4.5 of this
chapter.
The next three sections (4.4.1 through 4.4.3) discuss the three possible components of any
ranking scheme: screening, scoring, and raw evaluation measures. Section 4.4.1 describes
some of the screening schemes found in the case studies. Examples of "pure" screening
schemes and screening schemes which use project scores are both given. Section 4.4.2
describes the scoring schemes found in the case studies. Although project scores were
never the sole basis for ranking projects in any of the case study examples, they often
comprised a significant portion of the ranking scheme and are therefore discussed in detail.
Section 4.4.3 discusses some of the raw evaluation measures used by case study regions as
a basis for project ranking.
4.4.1 Screening
Devising a screening scheme involves
* Selecting some screening criteria.
* Sometimes a system for determining whether a project complies with a given
criteria is specified, but not always. An example of a very systematic measure
of compliance is project scoring. The use of project scores is systematic in the
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sense that most scoring schemes found in the case studies ensure that
competing projects are scored in a consistent manner.
Specifying what a project must do in order to pass the screening process. For
example, perhaps a project must comply with all of the screening criteria in
order to pass. Or, perhaps a project must meet at least two of the three criteria
in a certain screening scheme in order to pass. Examples of this will be
provided a few paragraphs from here.
A screening scheme produces a very rough project ranking in the sense that the projects
are broken down into only two categories:
1. projects are top rank if they passed the screening process
2. projects are low rank if they did not pass the screening process.
Thus, screening is generally used to trim a large set of TCMs into a smaller set. The use
of screening in four of the case studies is summarized in Table 4-4. In order to help the
reader synthesize the information contained in Table 4-4, some of its implications are
described below.
* Screening Criteria can be either qualitative or quantitative
All of the criteria used in Seattle's screening scheme are highly qualitative, although
some of them could be amenable to quantitative analysis. In contrast, both Dallas-Fort
Worth and Washington, DC included a numerical scoring measure as one of their
screening criteria. In the case of Washington, DC this scoring scheme, though
numerical was based largely on qualitative analysis. However, in the case of Dallas-
Fort Worth the scoring scheme was based in part on quantitative analysis.
* Qualitative and Quantitative analysis are compatible in a screening scheme
As is displayed by the screening schemes used by Dallas-Fort Worth and by
Washington, DC, both qualitative and quantitative screening criteria may be included
in a single screening scheme without any need to convert the qualitative and
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quantitative measures into a single unit. This contrasts, the requirements of a scoring
scheme. In scoring schemes all criteria measures must be converted into a single unit
so that they may be summed to form a total project score. (This is discussed by
Section 4.4.2.)
* The use of "measures" and "standards" to determine if a project complies to a given
screening criterion
Some screening criteria specify very precisely what a project must do to prove that it
complies with the criteria. For example, one of Washington, DC's screening criteria is
"project score of 16 or above". The analysis team specified a method for developing
the project score. The project score is the "measure" of how well a project complies
to the given screening criterion. Also, the screening criterion specifies how high a
score must be in order for a project to comply with this screening criterion (i.e. it
specifies that a project's score must be above 16). Thus, a "standard" has been
specified indicating how good is good enough.
On the opposite end of the spectrum, are the screening criteria used by Seattle. No
guidelines were provided on how to determine conformity to the criteria in Seattle's
screening scheme. In other words, no "measures" or "standards" were specified.
* What determines if a project passes a screen varies amongst screening schemes.
For example, in order for a project to pass Washington, DC's screening process, it
must meet one of the three screening criteria listed in Table 4-4: "implementable by
1996." Also, a project must meet one of the other two criteria: "a numeric score of
16 or above" or " five or more 'must include' votes." In contrast, in order to pass
Dallas-Fort Worth's screening process, a project must meet all three of the criteria
listed in Table 4-4.
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Table 4-4 The Use of "Screening Criteria" During TIP or SIP Project Selection Processes
Case Study Screening Criteria Stage of Process at which Projects Were
Region I Screened
Washington, * a numeric score of 16 or Screening was used to trim a list of 164
DC above measures. Fifty-nine measures remained after
* project implementable by screening and proceeded on towards detailed
1996 analysis. Project scores used during screening
* five or more "must include" were based largely on rough qualitative
votes 57  analysis, since projects had not yet been
analyzed in detail.
Dallas- * project scores Once projects have been scored and ranked,
Fort Worth * if funding caps are violated they are presented to a council of elected
* construction feasibility 58  officials who will select which projects to
include in the TIP. Project selection is based
partially on the three screening criteria listed
here.
Seattle * Some of the screening To identify which project proposals will
questions considered in the proceed to "phase two" during which projects
first stage are listed as a are scored and analyzed in detail.
footnote. 59
Boston * may be feasibly implemented These two broad screening measures are the
within the TIP planning two major prerequisites for inclusion of a
horizon project in the TIP.
* funding availability
57 Mentioned on page 20.
58 Mentioned on page 51.
59 Screening criteria (taken from the 1995 Policy Framework for Seattle's 1995 ISTEA TIP Process)
1. Does the project improve system performance? Performance can be measured in a variety of ways, such as
congestion levels for highway projects, ridership per hour for transit, etc. Who benefits from the improvement
should be identified.
2. Does the project reduce reliance on single-occupant vehicles?
3. Does the project help sustain and promote economic vitality through improved mobility for people or freight and
goods?
4. Does the project improve or provide multimodal or intermodal access to ports, airports, or centers?
5. Does the project support air quality goals? VMT and emissions reductions are required by federal law for
CMAQ funded projects.
6. How does the project support Growth Management Act/ Vision 2020 (long term regional development plan) /
comprehensive plans?
7. Does the project provide greater system efficiencies or effectiveness? This may include considering improved
connectivity with other elements of the transportation system or within the same system elements for improved
person throughput. Examples: completion of the state HOV system; identifying missing roadway links; creating
improved multimodal connections between bus, rail, ferry, and pedestrian elements.
108
* Screening was used for a range of purposes.
Towards the beginning of its project selection process, Washington, DC used a
screening scheme to trim a set of 164 measures down to a set of 59 measures.
Similarly, Seattle used a set of highly qualitative screening criteria early in its project
selection process in order to determine which projects should proceed to the second
phase of the process. In contrast, Boston and Dallas-Fort Worth used screening
towards the end of their project selection processes in order to make their final
decisions about which projects to incorporate in their TIPs.
* Using Screening in Order to Combine Technical and Political Inputs to the Decision-
Making Process
It is usually during the ranking process that the results of technical analysis are
combined with input from politicians, private citizens, and private businesses in order
to produce a final decision. The screening schemes used by Washington, DC and
Dallas-Fort Worth illustrate how this may be done. Dallas-Fort Worth ranks projects
based on three screening criteria:
1. project scores
2. if funding caps are violated
3. construction feasibility
One of these three criteria (project scores) summarizes the results of the technical
analysis, while the other two are largely political issues.
Washington, DC uses a similar set of screening criteria to rank projects:
1. a numeric score of 16 or above
2. project implementable by 1996
3. five or more "must include" votes
Notice that one of the screening criteria summarizes the technical analysis (project
scores), while the other two reflect political concerns. In the case of Washington, DC
the ranking produced by this screening process was not used to make the final decision
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about which TCMs to include in the SIP, but was used to trim the set of potential
TCMs during the initial stages of the project selection process.
4.4.2 Scoring
Most project selection processes identify a few criteria upon which projects will be
analyzed and compared. Some processes systematize this comparison by devising a
scoring scheme which converts total project impacts into a unitless point scale.
Converting impacts into this unitless measure involves three steps:
1. Estimating project impacts
2. Developing "criterion scores": For example, if a criterion such as air quality had to be
scored, all air quality impacts would need to be aggregated and converted into the
unitless point scale.
3. Adding up criteria scores to produce a "total project score": This involves weighting
the criterion scores. For example, consider a scoring scheme in which total project
scores range from 0 to 100 points and reflect two criteria: mobility improvement and
air quality improvement. Fifty points might be allotted to the mobility criteria, and
fifty to the air quality criteria; or, 40 might be allotted to mobility and 60 to air quality.
Each of these scenarios has certain implications and internalizes assumptions into the
"total project score".
In fact, many aspects of a scoring scheme imbeds assumptions within the "total project
scores". Scoring schemes, and their assumptions, vary on three main points:
1. Criteria included,
2. Points assigned to each criterion, and
3. How to measure each criterion.
These three points are expanded on below.
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POINT #1: Criteria Included
* The criteria included in a particular scoring scheme is usually a function of both
regional-priorities and legislative requirements.
* The criteria included in a scoring scheme also depends on the ability to measure
certain criteria. For example, a criteria such as "a project's long-term impacts on
city structure" might not be included in certain scoring schemes because it is hard
to measure and estimate.
* Sometimes criteria which are interdependent or redundant are both included in a
scoring scheme. This causes the scoring scheme to "double-count" (i.e. count
more than once) certain project impacts. The meaning and significance of "double
counting" is best illustrated by an example such as the following one. The Dallas-
Fort Worth region employed a 100 point scoring scheme in its 1995 TIP/CMAQ
Project Selection Process. The scoring scheme could be broken down as
follows:60
CRITERIA POSSIBLE POINTS
Current Cost Effectiveness 20
Local Cost Participation 20
Air Quality/ Energy Conservation 20
Congestion Management Plan/ Transportation Control Measures 20
Intermodal/Multimodal/Social Mobility 20
TOTAL 20
In this scoring scheme, projects improving air quality could receive priority
through three avenues: the 20 points allotted to "air quality/ energy conservation",
the 20 points allotted to "congestion management plan/ TCMs", or through the 20
points allotted to "intermodal/multimodall social mobility" projects. In this sense,
the air quality benefits of a project could be "double counted" or literally triple
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60 Texas No. 4, p. 1.31.
counted within this scoring scheme. However, the three air quality related
criteria are not identical, and the implications of this "double counting" is not
equivalent to giving projects up to 60 points directly for their "air quality"
benefits. For instance, the criterion "congestion management plan/ TCMs" gives
priority to TCMs in the SIP, but not necessarily to other TCMs not committed to
in the SIP.6 1 Also, the criterion "intermodal/ multimodal/ social mobility" basically
gives 20 points to any project which does not favor the single-occupant-vehicle
mode; many, but not all TCMs, fall into this category. So this criterion, like the
last one, only gives additional priority to certain types of TCMs.
In summary, "double counting" can be a good technique for factoring in the
complexities of regional priorities, but could also imbed false implications in a
weighting scheme if not used carefully.
POINT #2: Points Assigned to Each Criterion:
* The number of points assigned to each criterion relative to the other criteria
depends on the relative importance of each criterion. (Ideally 1 point of mobility
benefit and 1 point of air quality benefit should be of equal "value" to society, for
example.)
* The number of points assigned to each criteria is also influenced by the need to
convert the measures of different criteria into a common unit. Impact estimates of
competing criteria are usually in different units, when in their raw form. To use
these raw estimates in a scoring scheme they must all be converted into one unit.
Depending on how this conversion is made, impact estimates may be distorted, or
certain assumptions may be built into the final project score.
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61 Texas No. 2.
Sometimes rough approximations for conversion factors are made. This seems to
be the case in Seattle's air quality scoring scheme for its 1995 TIP process.
During the 1995 TIP process, air quality impacts of proposed projects were
estimated for the year 2005. The eventual conclusion of the process was a single
number representing the air quality impact of a given project. This single number
was computed in the following manner. As a start, four measures of air quality
impacts were created using the TCM Tools software package:
* Vehicle trip reductions
* Vehicle miles traveled (VMT) reductions
* Pollutant reductions in carbon monoxide (CO), ozone precursors --
hydrocarbons (HC) and nitrogen oxides (NOx) and particulate matter
(PM10)
* Cost-effectiveness for CO, HC, NOx, and PM10 reductions62
The above four measures were used to score each project. Each of the four
measures: 1) trip reductions, 2) VMT reductions, 3) pollutant reductions, and 4)
cost-effectiveness for pollutant reductions, received equal weight in the final score.
Within measures (3) and (4), reductions of each pollutant carried equal weight.
There were two assumptions in Seattle's scheme which seem to be rough
approximations. First, all four impact estimates were given equal weight. Second,
the four pollutant types were given equal weight within measures (3) and (4).
Third, the number of points assigned to each criteria reflects how precise the
analysis was. This is an important detail since assuming a higher degree of
precision than exists can produce an inaccurate ranking. Scoring schemes can
62 Taken directly form Seattle No. 2, p I-2 and 1-3.
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accommodate variable degrees of precision amongst impact estimates by adjusting
the number of points assigned to each criteria and the gradations at which points
are assigned.
Less precise analysis results might only allow projects to be broken down into three
ranks: low, medium, and high. However, more precise analysis might allow
projects to be broken down into five ranks, ten ranks, or even more ( if the analysis
is really precise).
It is most straight forward to reflect a three-tiered ranking on a 3-point integer scale
(1 point = low, 2 points = medium, and 3 points =high). However, it could also be
reflected through a 20 point scale (0 points = low, 10 points = medium, 20 points =
high), a 50 point scale or a number of other scales. The main advantage to using a
scale with more points is that it could accommodate variable degrees of precision.
To illustrate this point an example is given from Dallas-Fort Worth's 1995 TIP-
CMAQ scoring scheme. As described previously this scoring scheme offered each
project a maximum of 100 points through five criteria, each worth 20 points.
However, not all criteria were measured with equal precision as can be scene from
how they were scored. The criterion called "air quality/energy conservation" was
scored in 5 point gradations, while the criterion called "project commitment/local
cost participation" was broken down into finer gradations. The scoring of these
two competing criteria are described in the next two tables.
$/lb of Volatile Organic Compound Emission Reduction Score
>=100.0 0
50.0- 99.99 5
10.0 - 49.99 10
5.0- 9.99 15
<=4.99 20
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% of Funds Provided by Non-CMAQ (e.g. Local or Private) Funds Score
0-20 0
21-25 3
26-30 7
31-35 10
36-40 13
41-45 17
>=46 20
POINT #3: How to Measure Each Criterion
It should be noted that naming a measure is only a first step. The exact meaning
of a measure is defined by how it is calculated. Take as an example quantifying
mobility benefits of transit and highway expansion projects using "number of
vehicle-hours reduced" as the measure. There are two interpretations of "vehicle-
hours reduced": (1) the vehicle hours saved by the travelers which opt for using
the new facility, or (2) the hours saved by all users of the transportation system
due to the new project. The second interpretation might favor transit projects.
Transit projects may convert highway commuters into transit commuters and thus
alleviate congestion in the system overall. However, new users of the transit
system may not experience significant time savings by switching from single-
occupant-vehicles (SOVs) to transit. They may have been motivated to switch to
transit because it offered a journey of comparable length accompanied by a
welcome break from congested roadways.
As a second example consider how to measure the total air quality benefits of a
project. There are numerous ways to do this; there is no commonly accepted
measure of total air quality impact. Several issues must be considered in devising
an air quality measure. For instance, the emissions of various pollutants must be
weighted against one another and aggregated somehow. This raises questions like:
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is a 1 ton reduction in HC emissions of comparable environmental value to a 1 ton
reduction in CO or NOx. An example of these issues is provided by a scoring
scheme used by Seattle which was described a few paragraphs ago.
Another issue related to defining measures is whether measures should be identical
for all project types (e.g. highway, rail, pricing) within a given criterion.
The above discussion provided some illustrative examples. Table 4-5 provides some more
examples of how the scoring schemes found in the case studies addressed two of the three
points discussed above:
1. Criteria included in the scoring scheme
2. Points assigned to each criteria
The third point, "how to measure each criteria," could not be summarized briefly in a
table. Providing a list of measures would be misleading since a measure name does not
capture the measure's exact meaning, since a measure's true meaning is a function of the
many assumptions made when calculating it. Appendix A, which describes the case
studies in full, contains some detailed examples of the measures used by regions. Also,
Chapter 3 is largely devoted to explaining the methodology used to develop measures
such as "VMT reduced," "trips reduced," and "amount of pollutant emissions reduced."
In addition to providing more examples of the first two points listed above, Table 4-5
summarizes how regions used scoring to aid in project selection. A few observations may
be drawn from this table. For example:
* In the case studies, scores were used in a variety of contexts. For instance, regions
used scoring schemes to aid in the initial phases of project selection, as well as in
final selection decisions. Washington, DC used a scoring scheme of low precision
early on its project selection process before projects had been analyzed in detail. In
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contrast, Seattle scored projects once they had passed into phase two of the project
selection process and had been analyzed in detail.
* Oftentimes, as in the case of Washington, DC, project scores were not the sole
criteria considered in project selection. In Washington, DC scores were part of a
screening process which included two other screening criteria, in addition to project
scores: "5 or more must include votes" and "implementable by 1996".
* Scoring schemes need not be based on highly quantitative analysis, even though they
are communicated numerically. The primary example of this is found in the
Washington, DC case study. Washington, DC developed numerical (i.e. a project
score was indicated by a number) project scores based largely on qualitative analysis,
before any detailed quantitative analysis had been done.
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Table 4-5 Scoring Schemes Used by the Case Study Regions
Case Study Scoring Criteria Scoring Scale What Scoring Was Used
Region For
Washington, * Travel Reduction A project could attain a Used during the analysis of
DC Potential maximum of 3 points for TCMs to be included in the
* Cost each criteria, except in two SIP. Scores were used in
* Speed of criteria ("cost" and "travel conjunction with two other
Implementation reduction potential") which criteria to screen measures
* Political Acceptability were double weighted (i.e. in the early stages of
* Synergistic Effect worth a maximum of 6 analysis. The screening
* Cost effectiveness (cost/ points). Thus, each project determined which projects
travel reduction was scored as "low", merited detailed analysis.
potential) "medium", or "high (3
* other benefits (e.g. points) in each category.
revenue generation, Summing the seven criteria
quality of life, scores could produce a
reduction of energy maximum project score of
demand) 27 points.
Dallas- * Current Cost A project could attain a This scoring scheme was
Fort Worth Effectiveness maximum score of 100 used to assign CMAQ funds
* Local Cost points. Each criteria was to projects during the 1995
Participation worth 20 of these 100 TIP project
* Air Quality/Energy points. More details on the review/evaluation process.
Conservation scoring scale appear on A similar scoring scheme
* Congestion pages 40 -43 of Appendix was used to assign STP
Management Plan / A. funds. About 1000
TCM proposals for CMAQ funds
* Intermodal/ were received and scored
Multimodal/ Social before they were presented
Mobility to a council of elected
officials which would select
projects. Project scores
were one of several criteria
considered during project
selection.
Seattle * Maintenance and Air quality constituted This coring scheme was
Preservation about 23% of a project's used by Seattle during its
* Traffic Congestion total score during the 1993 1995 regional TIP Project
* Safety process. It was suggested Review/Evaluation Process.
* Efficiency that this be increased to Once projects have passed
* Accessibility 33% during the 1995 an initial screening they are
* Connectivity process. More details on analyzed in detail, scored,
* Reliability and the computation and scaling and reviewed.
Convenience of air quality scores are
* Environmental Benefits presented on pages 61-62 of
* Cost/Affordability Appendix A.
San See Appendix S because it See Appendix S because it This scoring scheme was
Francisco is too lengthy to summarize is too lengthy to summarize used in their FY 1994 RTIP
in this table. in this table, and 1995 TIP Project
Review process.
Boston scoring not used
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4.4.3 Raw Evaluation Measures
Raw Evaluation Measures are often used to compare the impacts of competing projects.
Projects are sometimes ranked based on this type of comparison. Raw evaluation
measures may be either qualitative or quantitative. There are a few advantages and
disadvantages to the use of raw measures:
* The main downfall of this ranking technique, is that the basis for ranking is not
clear; it is often not clear why a high priority project is better than a low priority
project. Thus, anyone other than the individuals which developed the ranking,
might regard it with skepticism - even if it is extremely accurate, precise, and based
on extensive analysis. This is an unusual point to be making since it is related to
intangible concepts like communication and trust. Yet, it is mentioned because it
was a recurring issue in several of the phone interviews conducted with individuals
involved in regional planning processes.
* All raw evaluation measures do not have the same units and are therefore hard to
compare. For instance, "vehicle miles traveled" and "tons of hydrocarbon
eliminated" are two measures which are not intuitively comparable. Thus, it is
difficult to weigh different project impacts (e.g. mobility vs. air quality) against
each other in a consistent manner for all projects using raw evaluation measures.
* Certain measures are redundant. For example, "VMT reductions" and "tons of
HC reduced" are dependent on one another. Considering such measures
separately, may lead a decision maker to double count the impacts of a given
project.
* On the flip side, because raw measures leave model estimates in a relatively "pure"
form, they are less likely to distort them. For example, converting all impacts into
dollar values would entail the use of various conversion factors (e.g. value of time)
which are themselves surrounded by many assumptions and a certain degree of
inaccuracy.
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Given these pros and cons, a few regions have ranked projects based on qualitative
analysis supported by raw evaluation measures. Two regions stated explicitly that this
was the technique they would use: Washington, DC and Boston. During Phase IV of its
process, Washington, DC used this technique to trim a set of 48 measures down to a set of
40. Boston used this technique to develop its final recommendations for the PMT. The
"raw evaluation measures" which these two regions calculated and documented are listed
in Table 4-6. As was mentioned in a previous section, a listing of measure names (such as
the one provided by Table 4-6) can be misleading, since the exact meaning of a measure
depends on how it is calculated. More detailed descriptions of these measures is provided
in Appendix A and Appendix J.
Table 4-6 Examples of Raw Evaluation Measures Used to Compare Projects
Case Study Evaluation Measures Calculated
Region
Washington, Vehicle-Trips Reduced, Vehicle-Miles-Traveled Reduced, VOC Reduced in tons
DC per day, cost vs VOC reduced table
Boston Utilization
Total New Trips, New Transit Trips, Riders/Vehicle Service Hour,
Riders/Vehicle Service Mile
Cost-Effectiveness
Farebox Ratio, Investment/New Daily Transit User, Annualized Cost/ New Daily
Transit User, Annualized Cost/Hour of Travel Time Savings, Annual Operating
Subsidy
Air Quality Impacts
Percent Emission Reduction, Capital Cost/ kg VOC Eliminated
Service Quality & Coverage
Improved Connections, System Accessibility, Distribution of Service, Unmet
Needs, Travel Time Savings, Safety/ Security, Comfort/ Convenience, Crowding
Impact on System
Preservation of Existing System, Preservation of Future Options,
Efficiency/Effectiveness
Economic Impacts
Economic Development Potential, Potential for Private-Sector Participation
Land Use Impacts
Supports Urban Core, Supports Suburban Compact Development
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4.4.4 Implications on the Desirable Structure of a Technical Analysis
Framework
In the case studies, project rankings were derived from a mixing and matching of three
types of methods:
1. screening,
2. scoring, and
3. raw evaluation measures.
Tables 4-4 through 4-6 summarize the examples of these methods found in the case
studies. Table 4-7 lists the examples presented in those tables.
Table 4- 7 Examples of Screening, Scoring, and Raw Evaluation Measures Found in
the Case Studies and Discussed in this Section ("X" indicates that the
method was used by the given region)
Screenin
Scoring
Raw Evaluation
Measures
These three methods were combined in a variety of ways to produce ranking schemes.
Namely, the case studies based project ranking on: (1) screening; (2) screening and
scoring; or (3) qualitative analysis supported by raw evaluation measure. In the
processes focused on by the case studies, project scores were never the sole criterion upon
which projects were ranked.
The case study regions used both systematic and non-systematic methods for ranking
projects. Screening and scoring schemes catered to systematic ranking processes, whereas
"raw evaluation measures" catered to non-systematic ranking processes. While screening
and scoring were more systematic than "raw evaluation measures," not all screening and
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scoring schemes were equally systematic. Some screening schemes, such as Seattle's (the
one described in Table 4-4) were very vaguely specified. On the other hand, the scoring
scheme used by the San Francisco Bay Area in its TIP process (described in Table 4-5 and
Appendix S) was much more systematic.
Thus, Section 4.4 has lead to one of the major conclusions of this thesis: that some regions
have found it beneficial to use systematic ranking schemes. A second major conclusion,
related to the first major conclusion, is that a systematic ranking scheme need not be
highly quantitative or numerical. For example, at the onset of Washington, DC's project
selection process a highly systematic ranking scheme which combined screening and
scoring was used. However, this ranking scheme was based largely on qualitative analysis.
This ranking scheme is summarized in Tables 4-4 and 4-5.
The third, and final, major conclusion brought forth in this section (4.4) regards the
general composition of a systematic ranking scheme. Based on the examples found in the
case studies, it may be concluded that developing a systematic ranking process generally
involves the following components:
INPUTS:
* Criteria - Choosing the criteria upon which project ranking will be based.
* Measures and Standards - Determining measures and standards which will be used to
determine if a project complies to the above criteria.
* Calculations - Determining the value (qualitatively or quantitatively) of these
measures and standards.
* Weight Criteria - Determining the relative importance of the above criteria.
"PROCESSOR":
* Choosing a ranking process such as screening; screening and scoring; or some other
method. The ranking process should specify what characteristics a project must have
in order to obtain a particular rank. For example, the ranking process could specify
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that projects which meet all of the screening criteria are ranked as "high priority," and
that all other projects are ranked as "low priority." Or a ranking process could specify
that projects with scores between 0 and 30 are ranked as "low priority," projects
with scores between 30 and 70 are ranked as "medium priority," and that projects
with scores between 70 and 100 are ranked as "high priority."
OUTPUT:
* The output of a highly systematic ranking process not only indicates what a project's
rank is, but why it was ranked that way. For example, if a project was ranked as "low
priority" because its score was very low, this explanation should be available
somewhere in the documentation.
The components listed above are not unique to systematic ranking schemes - any ranking
scheme must contain the above inputs, outputs, and "processor." What distinguishes a
systematic approach from a non-systematic one, is how explicitly and specifically the
above components are defined. Since not all examples found in the case studies were
equally systematic, they did not all define and document the above components to the
same level of detail.
Also, it should be noted that the components listed above are not discrete, they are
interdependent. For example, it is best to choose measures whose values can be
calculated by existing methods (whether they be qualitative or quantitative methods.)
Similarly, if one criterion is much more important than any of the other criteria, the
ranking process could be defined to reflect this. In particular, the first step of the ranking
process might involve screening projects based solely on this one very important criterion.
This would reduce the time spent on analyzing projects which could easily be identified as
infeasible.
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4.5 STRUCTURE OF PRIORITIZATION PROCESSES FOUND IN
THE CASE STUDIES
This section discusses the structure of the various project selection processes encountered
in the case studies. The major conclusion brought forth by this section is that the project
selection processes focused on by the case studies often rank projects in "cycles." In other
words, they prioritize projects in stages. They begin by ranking projects roughly so as to
reduce the number of potential projects. Once the potential list of projects has been
reduced to a point at which more detailed analysis of all the remaining projects is a feasible
endeavor (i.e. would not consume too much money and time) projects may be ranked
more precisely.
Thus, a given project selection process often makes use of several types of ranking
schemes (these were described in section 4.4) and analysis methods (these were described
in section 4.3); different ones are used at different stages of a given project selection
process. Table 4-8 provides a general description of the types of methods employed at
various stages of the processes focused on by the case studies. To aid the reader in
synthesizing and understanding the information contained in the table a few of its
implications are discussed below.
1. When regions chose to use various types of ranking schemes.
Washington, DC developed project scores at the beginning of the process when only
rough qualitative analysis was available. Subsequent ranking processes were based largely
on "raw evaluation measures." In contrast, Seattle scored projects in the later part of its
process when detailed analysis had been conducted. Seattle used a technical and
qualitative screening process during the earlier stage of its process.
2. When regions chose to perform detailed analysis.
As can be scene from the Seattle, Washington, DC, and San Francisco Bay Area case
studies, regions tended to conduct detailed analysis in the later parts of the process when
the number of potential projects had been trimmed substantially.
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3. When regions attempted to package TCMs.
None of the TIP related processes encountered in the case studies addressed the issue of
packaging TCMs. However, both of the SIP related processes did. Both Washington,
DC and the San Francisco Bay Area considered TCM packaging towards the end of their
project selection processes when the set of potential TCMs had already been trimmed
substantially and detailed analysis of individual projects had been conducted. Washington,
DC only analyzed individual TCM impacts. In contrast, the San Francisco Bay Area
analyzed the combined impacts of a few TCM packages.
4. How the initial set of TCMs was derived
It was assumed in Chapter 1 that regions have developed an exhaustive set of potential
TCMs before beginning the "technical analysis process."63  The table confirms the
feasibility of this assumption; the table points out that the first step in all processes was
defining an initial list of projects.
However, the nature of this initial list varied between TIP and SIP related processes. The
Washington, DC and San Francisco Bay Area case studies both focused on SIP related
processes, and both processes began with the analysts defining an in initial set of TCMs.
In contrast, the other three case studies which focused on TIP related processes, began
with a set of potential projects which was generated by sponsoring agencies (i.e.
sponsoring agencies proposed projects to be considered for inclusion in the TIP).
63 This assumption was made in order to limit the scope of the technical analysis framework to be
developed.
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4.6 LEGISLATIVE REQUIREMENTS
As mentioned in previous sections and in Chapter 3, legislative requirements influence the
choice of analysis approach. The case studies emphasize two critical decisions of TCM
prioritization:
1. Which TCMs to consider for inclusion in the SIP
2. Which TCMs to program into the TIP.
Each of these decisions is governed by a unique set of legislative requirements; namely,
the first decision is governed by the requirements placed on the SIP, and the second
decision is governed by the requirements placed on the TIP. The next few subsections
describe the conclusions regarding TIP and SIP processes which were drawn from the
case studies.
4.6.1 How a SIP, EIS, TP, or TIP Incorporates TCM Programming Into Its
Overall Structure
State Implementation Plans, Environmental Impact Statements, Transportation Plans, and
Transportation Improvement Programs are four planning documents which serve four very
different functions:
SIP: The SIP is a state level plan for achieving air quality standards. It considers all
sources of air pollution, not just transportation. It identifies the sources of air
pollution and devises a plan for reducing/eliminating their impacts. The
development of the SIP is the point when TCMs are first chosen and committed to.
Commitments at this stage are more impact-specific than project-specific.
EIS: An EIS analyzes environmental impacts of a proposed project and project
alternatives. Air quality is just one of the environmental impacts considered. The
EIS suggests or requires the implementation of mitigation measures which could
negate the environmental impacts of the proposed projects. Mitigation measures
for a transportation projects need not be transportation projects themselves.
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TP: A TP documents a region's or state's long-range (20 year), financially feasible,
transportation vision.
TIP: A TIP documents a region's or state's short-term (3 to 5 years), financially
constrained, prioritized agenda of transportation projects. TIP Programming is the
point by which general SIP commitments must be translated into specific project
commitments; projects are assigned funding sources, and projects are programmed
for implementation. Commitments at this stage are more project-specific than
impact-specific.
A TCM passes through at least three [SIP-TP-TIP or EIS-TP-TIP] of these documents
on its path from conception to implementation. Thus, the processes used to construct a
SIP, EIS, TP, or TIP must each address the issue of TCM programming in their own way.
The case studies presented in this report describe how SIPs and TIPs incorporate TCM
programming into their overall structure. Table 4-9 summarizes this.
4.6.2 Distinction Between How TIPs & SIPs Incorporate TCM
Programming Into Their Overall Project Selection Processes
Prioritization/Selection processes encountered in the case studies fall into two groups: (1)
processes used to devise TCM Plans for the SIP, and (2) processes used to select projects
for the TIP. Both types of processes would be used to narrow down a broad list of
candidate measures to a few measures to be considered seriously. However, the two
processes must address slightly different issues since the TIP and SIP are subject to
different finance, project detail and air quality regulations. These distinctions are
described in more detail below.
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Table 4-9 How Case Study Regions Incorporated TCM Programming into their
Overall SIP or TIP Structure
Case Study Case Study How TCMs Fit Into Overall SIP or TIP Structure
Region Focuses on
SIP or TIP
Washington, SIP The degree of non-attainment was identified and attributed to various
DC sources. Transportation being a primary mobile source of emissions, a
plan was devised to mitigate its impacts. As part of this effort, TCMs
were considered for inclusion in the '15% reduction plan' and the
'contingency plan' of the SIP. To decide which TCMs to include, a
lengthy analysis of potential TCMs was conducted. An initial list of 200
TCMs was reduced to a list of 14 TCMs to be seriously considered. One
of the 14 was included in the '15% reduction plan' and the rest would be
considered for the 'contingency plan'.
Dallas- Fort TIP D-FW uses a scoring system (amongst other methods) to streamline its
Worth TIP programming process. TCMs committed to in the SIP or an EIS
must compete with other projects through this scoring system. About a
fifth of the point scores are dependent on a project's air quality impacts.
The scoring system used to assign CMAQ funds differs slightly from the
system used to assign STP funds. For instance, in the CMAQ system
TCMs receive bonus points which account for a fifth of the total project
score.
Seattle TIP TCMs must compete with other projects during the TIP project
review/evaluation process. Projects which pass the screening stage, are
scored and analyzed in detail before they are reviewed. TCMs receive
priority in this system through three mechanisms. First, "travel demand
management/ system management' projects which address congestion
and environmental objects are one of the four project categories which
receive priority in the TIP policy framework. Second, one of the
screening criteria explicitly refers to air quality goals. Lastly, during the
1993 TIP process air quality constituted 23% of a project's total score. It
was suggested to increase this to -33% in the 1995 process.
San Francisco SIP Very similar to Washington, DC. However, SFBA had to meet
requirements of both the federal and state Clean Air Acts and
Amendments. Also, SFBA used different methods to transform its large
list of potential TCMs into a reduction plan and a contingency plan.
Boston TIP In general, Boston includes projects in the TIP as long as they are
sufficiently ready for implementation within the TIP planning horizon
and can be funded. TCMs receive funding priority. However, this does
not mean they are the first TIP projects to be implemented.
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SIP Requirements Relevant to TCM Prioritization:
* Finance:
Although it would be unwise to devise a TCM Plan that was financially infeasible,
funding need not be addressed in the SIP. Because SIP commitments are not project-
specific, a detailed funding plan would be hard to devise.
* Project Detail:
Because projects included in the SIP require much commitment, the more general
project specifications are, the more flexibility the region will have in the future. Thus,
the tendency is to consider only "categories" of measures during a SIP-related project
selection process. For example, "HOV lanes" would be considered, rather than "2
miles of HOV lane on 1-80".
* Air Quality:
Since the SIP is the State's plan for attaining air quality standards, projects included
within it are selected primarily for their air quality benefits, in theory. This is not to
say that air quality is the sole consideration in selecting projects. Rather, it is the
primary purpose of the plan, so a project with negative air quality benefits would not
be included most likely - even if it affected other system characteristics in remarkably
positive ways.
TIP Requirements Relevant to TCM Prioritization:
* Finance:
Due to the financially constrained nature of the TIP and funding programs such as
CMAQ, project finance is a major concern in project selection.
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* Project Detail:
Also due to the financially constrained nature of the TIP, projects included in the TIP
must be specifically defined. This is because projects must be well defined before their
costs (and impacts) can be estimated accurately or precisely.
* Air Quality:
According to legislation governing the TIP, air quality need only be a secondary
concern in selecting projects, although regional priorities may make it otherwise.
Projects with negative air quality impacts may be selected if they effect other system
characteristics positively (for instance, if they improve mobility or stimulate economic
development.)
Air quality issues may influence TIP project selection through three avenues. First, the
cumulative effects of TIP projects cannot conflict with air quality goals according to
conformity requirements. Also, CMAQ projects, as the title implies, are supposed to
mitigate congestion as well as improve air quality. Third, general commitments made
in the SIP must be translated into specific projects which are programmed into the
TIP.
These three distinctions (finance, project detail, and air quality) between the motivating
forces for SIP TCM programs and the TIP, are reflected in the project selection processes
used for each as described above. However, these distinctions have several indirect effects
on the structure of a TIP or SIP project selection process. For example:
* "Project detail" limits how detailed the analysis may be. If a project is defined
only generally, only its general impacts may be estimated.
* In order to define a project in detail, its sponsoring agency should be consulted.
* The need to consider financial constraints and air quality impacts influences the
project selection criteria used. It may also influence the relative weighting of
these criteria.
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4.6.3 Conclusions Regarding the Desirable Structure of a Technical
Analysis Framework
Conclusion #1:
Some distinctions between TIP and SIP processes were noted in a previous section (4.5).
This section (4.6) begins to explain the source of these distinctions. SIP and TIP related
processes differ because of the distinctive legislative requirements placed on each. SIP
and TIP processes must meet different requirements as regards the level and type of detail
of projects contained within them, the air quality benefits of the projects contained within
them, and the type of financial commitment imposed on the projects contained within
them. Section 4.6.2 discussed these three distinctions and their repercussions on the
structure of a project selection process, and the methods used within the process.
Conclusion #2:
The decisions made at the SIP and TIP level are very critical portions of the TCM analysis
process. The SIP process is critical because, a region is required to implement projects
included in the SIP or projects with equally great air quality benefits. The TIP process is
critical because, if projects are included in the TIP, they have been assigned a funding
source.
4.7 ORGANIZATIONAL & INSTITUTIONAL ISSUES
This section consists of two sets of conclusions. The first set of conclusions regard the
general sequence of events comprising the TCM prioritization process. This has
implications on the type and depth of technical analysis which would be most suitable at
various stages of the prioritization process. The second set of conclusions regards some
recurring institutional and organizational themes found in the case studies.
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4.7.1 Usual Sequence of Events in a Technical Analysis Framework for
Prioritizing TCMs
The case studies implied that the technical component of the TCM prioritization process
may be broken down into three "sieves", as pictured in Figure 4-1. This figure tries to
point out a few conclusions drawn from the case studies.
* SIEVE 1: SIP level commitments tend to be very general, as described in previous
and subsequent sections. Therefore SIP TCM selection processes often analyze
general categories of TCMs, rather than specific projects. Also, at the point in time
when SIP TCMs are analyzed, specific projects have not yet been defined usually.
This is why Figure 4-1 begins with a set of "TCM categories." There are numerous
TCM categories (e.g. improved signal timing, HOV lanes, park-and-ride lots) which
a region may originally wish to consider. Only a few of these TCM categories will
pass through "Sieve 1." Sieve 1 generally does not produce specifically defined
projects since SIP commitments need only be impact-specific, not project-specific.
Although SIP commitments may remain general, projects must be defined to some
degree of detail for analysis purposes (i.e. to facilitate their analysis and produce a
sufficiently precise ranking.) A region is committed to implementing projects
committed to in the SIP; thus, some regions prefer to keep SIP commitments general
because it offers them more flexibility in the long run. This is also a reason why
Sieve 1 only deals with TCM categories, and not specific TCM projects.
* SIEVE 2: SIP commitments must be developed into specific projects, if this has not
already been done prior to the SIP. Project development is a very broad and
significant portion of the prioritization process; if TCMs are not developed into
"construction-ready" projects, they cannot be implemented. By the time a TCM
leaves Sieve 2 it has been defined in enough detail so that it might begin construction
within the TIP planning horizon (3 - 5 years usually). TCMs from the SIP are only
one type of transportation project which proceeds through Sieve 2.
* SIEVE 3: The TIP project selection process is the final planning stage projects must
proceed through in order to be implemented.
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4.7.2 Recurring Institutional & Organizational Themes
The case studies display a few recurring institutional and organizational themes which are
discussed below.
Who has Control Over Funds
This can either help or hinder an agency in creating a successful TCM Plan. The political
climate and structure in the region seem to determine who has control over funds. In
Seattle, control over certain funds was delegated to local agencies (from the regional one)
in order to facilitate planning for local needs. The San Francisco agency mentioned its
lack of sufficient authority to implement most TCMs during its 1990 TCMP process.
Since then it has formed the "Bay Area Partnership" (in 1992) which consists of top
managers from 31 transportation related agencies in the region. Also, the Houston agency
suggested that too much authority had been allocated to State agencies. As a result
projects may have been delayed in Houston due to withheld funds.
The Roles of Elected Officials, Interest Groups, General Public, & Local Agencies
The case study region's involved elected officials, interest groups, the public, and local
agencies at some point in their project selection processes. A board of elected officials
generally participates in final selection of projects aided by the analysis and screening
processes carried out by technical staff. The Washington, DC case study discusses in
detail their experiences with incorporating a variety of parties in the project selection
process. These issues are too lengthy to list here, but are discussed in detail in Appendix
A.
Timing
Processes often start with a broad, large range of candidate TCMs which must be
narrowed down. For instance Washington, DC considered some 200 TCMs and selected
only 14. One of the 14 TCMs was included in the 15% reduction plan, and the rest were
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considered for inclusion in the contingency plan.65 The San Francisco Bay Area selected
21 of the numerous TCMs it initially considered.
Regions often trim their initial list of TCMs in cycles. Organizational structures must
consider when (in which cycles) to include the following:
* input from technical staff, private parties, and elected officials,
* detailed analysis,
* certain selection criteria, and
* analysis of TCM packages.
Deciding how to time the above actions often involves trading off speed for thoroughness
and vice versa. For example, conducting detailed analysis early in the process reduces the
chance of ruling out good options due to inaccurate analysis. However, conducting
detailed analysis early in the process is very time consuming because there are more TCMs
to analyze at this point in the process, relative to later points in the process. On the other
hand, conducting rough analysis early in the process and detailed analysis later in the
process involves analyzing certain projects twice. Thus, it might prove swifter to analyze
projects in detail earlier rather than later, in some situations.
Deadlines
The process structure may specify deadlines by which certain phases must be completed.
In retrospect, Washington, DC mentions that having had specific deadlines could have
improved their process.
The MPO as an Umbrella Agency Or as a Central Planner
This is perhaps the basic issue from which many of the above issues stem. At one
extreme, MPOs act as "umbrella agencies" by consolidating projects selected by various
local, transit, or other transportation agencies rather than conducting an extensive
65 The meaning of contingency plan and 15% reduction plan are clarified in Appendix P.
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selection process of their own. At the other extreme, MPOs act as "central planners" by
conducting and defining the entire project selection process, rather than sharing these
powers with local agencies. In most case studies, regional MPOs have adopted a middle
ground between these two roles. For instance:
* Regional agencies in San Francisco, Boston, Dallas-Fort Worth and Seattle all
collected project proposals from various levels of government and private
agencies during their TIP processes.
* Some MPOs delegate authority to county or city level agencies so that local needs
may be better addressed. For instance, the San Francisco Bay Area used a self-
scoring TIP project application for the 1995 project selection process. Seattle
delegates some funding control to county level agencies. Both San Francisco and
Boston provide localities with "bid targets"66 to help them devise a feasible set of
project proposals.
* While MPOs delegate some authority to sub-regional agencies, they also set
certain regional or state standards within which these agencies must work. "Bid
targets" are one such standard. Screening criteria are another technique used to
set standards project proposers know they must work within. Other examples
include Washington State's "Growth Management Act", California's "California
Clean Air Act", and Los Angeles County's "Congestion Management Program".
4.7.3 Conclusions Regarding the Desirable Structure of a Technical
Analysis Framework
Conclusion #1
Some distinctions between TIP and SIP processes were noted in a previous section (4.5).
This section (4.7) explains a source of these distinctions. On one level, these differences
occur because TIP and SIP processes generally occur at different stages of the TCM
prioritization process (as picture in Figure 4-1). Namely, SIP processes usually occur
137
prior to the "Project Development" sieve and TIP processes occur after it. Thus, the
projects being ranked at the SIP level usually have not yet been defined in great detail,
which limits the level of detail at which their impacts may be estimated. Also, the range
and number of TCMs being ranked at the SIP level usually far exceeds the number being
ranked at the TIP level. Although numerous projects are ranked at the TIP level, most of
these projects are not TCMs.
Conclusion #2:
The decisions made at the SIP and TIP level are very critical portions of the TCM analysis
process. Namely, they begin and end the process as can be scene in Figure 4-1. All
transportation projects, including TCMs, must pass through the TIP. However, not all
TCMs which pass through the TIP and are eventually implemented, originate in the SIP.
Some TCMs are committed to in Environmental Impact Statements, and some originate in
the project development process simply because they are good transportation projects. (In
addition to their air quality benefits, the other transportation benefits of many TCMs are
substantial.
Conclusion #3:
This section pointed out some recurring institutional and organization themes which were:
* Who has control over funds
* The role of elected officials, interest groups, general public, & local agencies
* Timing
* Deadlines
* The MPO as an umbrella agency or as a central planner
66 Bid targets are estimates of how much funding the locality is likely to receive. The locality may use this
information to develop a financially feasible set of projects to propose for inclusion in the TIP.
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4.8 SUMMARY OF CONCLUSIONS DRAWN IN THIS CHAPTER IN
REGARD TO THE DESIRABLE STRUCTURE OF A TECHNICAL
ANALYSIS FRAMEWORK
This thesis aims to develop a framework which structures the interaction of technical
analysis and TCM prioritization decision-making. Namely the technical analysis
framework should address two issues underlying this interaction:
1. Which prioritization decisions to facilitate, and
2. How technical analysis should be used to facilitate them.
The case studies intended to explore the second issue listed above: how to use technical
analysis to facilitate TCM prioritization. They drew several conclusions in regard to this
issue. These conclusions are summarized by sections 4.8.1 through 4.8.4.
In the course of exploring the second issue, the case studies brought fourth the first issue:
which prioritization decisions should technical analysis be used to facilitate. Namely, from
examining the case studies it became apparent that TCM prioritization was not an isolated
event; it was a continual process which spanned many agencies, many planning
documents, and many years. It consisted of numerous "decisions." However, because
this only became apparent after the case studies were collected the case studies did not
explore the issue explicitly; the conclusions they draw in regard to the first issue are very
simple, perhaps even obvious. These are summarized in the upcoming sections (4.8.1
through 4.8.4).
Sections 4.8.1 through 4.8.4 summarize the findings from the case studies which relate to
the main objective of this thesis: developing a technical analysis framework. These
findings could be grouped into five categories:
1. Methods Used to Estimate the Impacts of TCMs
2. Methods Used to Prioritize and Select Projects
3. Structure of Project Selection Processes
4. Legislative Requirements
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5. Institutional & Organizational Issues
These categories were discussed in detail by sections 4.3 through 4.7 of this chapter.
4.8.1 Methods Used to Estimate the Impacts of TCMs (Conclusions from
Section 4.3)
The factors which determine which quantification method is best for a given application
were discussed by Chapter 3 in detail. The discussion is summarized by Figure 3-3.
However, the case studies added some depth to this discussion. First, they expanded the
range of available methods for estimating a TCMs impacts to include qualitative methods,
not just quantitative ones. Second, they provided some "real-world" examples of the
issues raised in Chapter 3. Some of these "real-world" examples are discussed in
subsection 4.3.2. Third, the case studies clarified the types of legislative requirements
which affect the choice of method for estimating TCM impacts. Sections 4.4 through 4.7
address this issue.
A few issues on the subject of impact analysis arise repeatedly in the case studies: (1) how
to package TCMs in order to capture synergistic effects, (2) when to start analyzing TCM
packages, (3) analyzing measures using methods which produce comparable results, (4)
the appropriate use of detailed travel models vs. sketch planning techniques, (5) when to
invest time in conducing technical analysis, (6) the usefulness of quantified impact
estimates, (7) the importance of considering land-use impacts, and (8) sometimes
qualitative analysis is more accurate than a quantitative approach. Many of these issues
were initially brought up by Chapter 3, but the examples found in the case studies add a
new depth to the discussion as Section 4.3.2 shows.
4.8.2 Methods Used to Prioritize and Select Projects (Conclusions from
Section 4.4)
In the case studies, project rankings were derived from a mixing and matching of three
types of methods:
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1. screening,
2. scoring, and
3. raw evaluation measures.
Tables 4-4 through 4-6 summarize the examples of these methods found in the case
studies. Table 4-7 listed the examples presented in those tables, and is reprinted here as
Table 4-10.
Table 4- 10 Examples of Screening, Scoring, and Raw Evaluation Measures Found
in the Case Studies and Discussed in Section 4.4 ("X" indicates that the
method was used by the given region)
Washington, San Francisco Dals-
DC Bay Area Fort Worth Seattle Boston
Screenin
Scoring
Raw Evaluation
Measures
These three methods were combined in a variety of ways to produce ranking schemes.
Namely, the case studies based project ranking on: (1) screening; (2) screening and
scoring; or (3) qualitative analysis supported by raw evaluation measure. In the
processes focused on by the case studies, project scores were never the sole criteria upon
which projects were ranked.
The case study regions used both systematic and non-systematic methods for ranking
projects. Screening and scoring schemes catered to systematic ranking processes, whereas
"raw evaluation measures" catered to non-systematic ranking processes. While screening
and scoring were more systematic than "raw evaluation measures," not all screening and
scoring schemes were equally systematic. Some screening schemes, such as Seattle's (the
one described in Table 4-4) were very vaguely specified. On the other hand, the scoring
scheme used by the San Francisco Bay Area in its TIP process (described in Table 4-5 and
Appendix S) was much more systematic.
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Thus, Section 4.4 lead to one of the major conclusions of this thesis: that some regions
have found it beneficial to use systematic ranking schemes. A second major conclusion,
related to the first major conclusion, is that a systematic ranking scheme need not be
highly quantitative or numerical. For example, at the onset of Washington, DC's project
selection process a highly systematic ranking scheme which combined screening and
scoring was used. However, this ranking scheme was based largely on qualitative analysis.
This ranking scheme is summarized in Table 4-4 and 4-5.
The third, and final, major conclusion brought forth in Section 4.4 regards the general
composition of a systematic ranking scheme. Based on the examples found in the case
studies, it may be concluded that developing a systematic ranking process generally
involves the following components:
INPUTS:
* Criteria - Choosing the criteria upon which project ranking will be based.
* Measures and Standards - Determining measures and standards which will be used to
determine if a project complies to the above criteria.
* Calculations - Determining the value (qualitatively or quantitatively) of these
measures and standards.
* Weight Criteria - Determining the relative importance of the above criteria.
"PROCESSOR":
* Choosing a ranking process such as screening; screening and scoring; or some other
method. The ranking process should specify what characteristics a project must have
in order to obtain a particular rank. For example, the ranking process could specify
that projects which meet all of the screening criteria are ranked as "high priority," and
that all other projects are ranked as "low priority." Or, a ranking process could
specify that projects with scores between 0 and 30 are ranked as "low priority,"
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projects with scores between 30 and 70 are ranked as "medium priority," and projects
with scores between 70 and 100 are ranked as "high priority."
OUTPUT:
* The output of a highly systematic ranking process not only indicates what a project's
rank is, but why it was ranked that way. For example, if a project was ranked as "low
priority" because its score was very low, this explanation should be available
somewhere in the documentation.
The components listed above are not unique to systematic ranking schemes - any ranking
scheme must contain the above inputs, outputs, and "processor." What distinguishes a
systematic approach from a non-systematic one, is how explicitly and specifically the
above components are defined. Since not all examples found in the case studies were
equally systematic, they did not all define and document the above components to the
same level of detail.
Also, it should be noted that the components listed above are not discrete, they are
interdependent. For example, it is best to choose measures whose values can be
calculated by existing methods (whether they be qualitative or quantitative methods.)
Similarly, if one criterion is much more important than any of the other criteria, the
ranking process could be defined to reflect this. In particular, the first step of the ranking
process might involve screening projects based solely on this one very important criterion.
This would reduce the time spent on analyzing projects which could be identified as
infeasible based on minimal analysis.
4.8.3 Structure of Project Selection Processes (Conclusions from Section
4.5)
The major conclusion brought forth by this section is that the project selection processes
focused on by the case studies often rank projects in "cycles." In other words, they
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prioritize projects in stages. They begin by ranking projects roughly so as to reduce the
number of potential projects. Once the potential list of projects has been reduced to a
point at which more detailed analysis of all the remaining projects is a feasible endeavor
(i.e. would not consume too much money and time) projects may be ranked more
precisely.
Thus, a given project selection process often makes use of several types of ranking
schemes (these were described in section 4.4) and analysis methods (these were described
in section 4.3); different ones are used at different stages of a given project selection
process. Table 4-8 provides a general description of the types of methods employed at
various stages of the processes focused on by the case studies. The table has several
implications in regard to:
1. When regions chose to use various types of ranking schemes.
2. When regions chose to perform detailed analysis.
3. When regions attempted to package TCMs.
4. How the initial set of TCMs was derived
Section 4.5 expands on these topics.
4.8.4 Legislative Requirements, Institutional Issues & Organizational
Issues (Conclusions from Sections 4.6 and 4.7)
Conclusion #1
Some distinctions between TIP and SIP processes are noted in Section 4.5. Sections 4.6
and 4.7 explain a source of these distinctions. On one level, these differences arise
because TIP and SIP processes generally occur at different stages of the TCM
prioritization process (as picture in Figure 4-1). Namely, SIP processes usually occur
prior to the "Project Development" sieve and TIP processes occur after it. Thus, the
projects being ranked at the SIP level have not yet been defined in great detail, which
limits the level of detail at which their impacts may be estimated. Also, the range and
number of TCMs being ranked at the SIP level usually far exceeds the number being
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ranked at the TIP level. Although numerous projects are ranked at the TIP level, most of
these projects are not TCMs.
Also, SIP and TIP processes must meet different requirements as regards the level and
type of detail of projects contained within them, the air quality benefits of the projects
contained within them, and the type of financial commitment imposed on the projects
contained within them. Section 4.6.2 discussed these three distinctions and their
repercussions on the structure of a project selection process, and the methods used within
the selection process.
Conclusion #2:
The decisions made at the SIP and TIP level are very critical portions of the TCM
prioritization process. The SIP process is critical because, a region is required to
implement projects included in the SIP or projects with equally great air quality benefits.
The TIP process is critical because, if projects are included in the TIP, they have been
assigned a funding source.
The SIP and TIP begin and end, respectively, the TCM prioritization process as can be
scene in Figure 4-1. All transportation projects, including TCMs, must pass through the
TIP. However, not all TCMs which pass through the TIP and are eventually implemented,
originate in the SIP. Some TCMs are committed to in Environmental Impact Statements,
and some originate in the project development process simply because they are good
transportation projects. (In addition to their air quality benefits, the other transportation
benefits of many TCMs are substantial.
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Conclusion #3:
Section 4.7.2 pointed out some recurring institutional and organization themes which
were:
* Who has control over funds
* The role of elected officials, interest groups, general public, & local agencies
* Timing
* Deadlines
* The MPO as an umbrella agency or as a central planner
This concludes Chapter 4. The range of conclusions brought forth in this chapter, coupled
with the conclusions discussed in Chapter 3, form the basis of the technical analysis
framework which will be developed and tested in chapters 5 and 6.
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Chapter 5
A Technical Analysis Framework
for Prioritizing TCM Investments
in the Boston Region
This chapter addresses the main objective of this thesis: developing a technical analysis
framework for prioritizing TCM investments in the Boston region. In this thesis
prioritization is viewed as a continuous process; decisions are constantly being made in
regard to how to define projects and which projects to develop further. Thus,
prioritization occurs on a continual basis in the sense that if a project is never developed to
the point of being ready for construction, it cannot be implemented.
Technical analysis is often used to facilitate these prioritization decisions. The proposed
technical analysis framework attempts to structure the interaction of technical analysis and
prioritization decision-making. Namely, the technical analysis framework addresses two
issues underlying this interaction:
1. Prioritization consists of a continuous sequence of decisions regarding how to
define projects and which projects to develop further. Which of these
prioritization decisions should the technical analysis facilitate ?
2. How exactly should analysis results be used to facilitate decision making?
The chapter focuses on the second of these two issues. It adopts the following approach
for developing a framework which addresses these two issues.
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The chapter begins by providing some background on Boston's conceptual framework for
prioritizing transportation investments in Section 5.1. Then Section 5.2 discusses how
TCM prioritization fits into this overarching planning framework. This background is
relevant because the proposed technical analysis framework should work within Boston's
existing planning structure and should capitalize on Boston's existing technical resources,
according to the scope of this thesis.
After comparing Boston's current technical analysis activities to the insights found
through the research, it became apparent that Boston is aware of many of the current
issues surrounding TCM analysis. These issues are discussed in Section 5.3 of this
chapter.
While Boston is aware of the many issues surrounding TCM analysis and prioritization, it
should be noted that Boston's manner of dealing with these issues differs from the
approaches adopted by the case study regions. One major contrast appears: Boston's
approach is much less structured than the approaches adopted by the case study regions.
In Boston's approach, clearly decisions are made and technical analysis is conducted;
however Boston's process stops short of specifying exactly how technical analysis will be
used to facilitate decisions. By drawing on the approaches found in the case studies,
Section 5.4 recommends a methodology for better structuring the interaction of technical
analysis with the (TCM) decision-making process in Boston. This prioritization
methodology is the core component of the technical analysis framework suggested by this
thesis.
In Sections 5.5 and 5.6, the proposed "Prioritization Methodology" is applied to two
critical decisions of Boston's TCM prioritization process:
1. Which TCMs to consider for inclusion in the SIP. The methods used by the
Clean Air Task Force are discussed, and
2. Which TCMs to include in the TIP. The 1996-1998 TIP prioritization
process are discussed.
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In the case of TIP and SIP processes, direct comparisons could be made to the approaches
used by the case study regions, since the case studies focused on these processes. The
comparative analysis conducted in these two sections identified which components of
Boston's existing analysis activities could be used in the proposed "Prioritization
Methodology." Conversely, the analysis identified how Boston would need to enhance its
analysis activities in order to follow the proposed "Prioritization Methodology."
Thus Sections 5.1 though 5.6 are devoted to the main conclusion of this chapter: that
Boston's approach is less structured relative to the case study regions and could be
improved through the use of the recommended "Prioritization Methodology." Section 5.7
discusses a second conclusion of this chapter. There was one issue brought forth by both
Boston and the other four case studies, which neither addressed fully: TCMs which
reduce emissions greatly in the long-run must change travel behavior. A web of factors
govern an individual's travel behavior. Considering this web of factors when prioritizing
TCMs involves a high degree of coordination amongst transportation agencies, as well as
other public agencies, developers, politicians, businesses, and private citizens. In order to
facilitate this high level of coordination, the technical analysis could be used to streamline
and tie the various prioritization decisions together. A method for doing this is formulated
in Section 5.7.
Finally, Section 5.8 concludes the chapter with a summary of its main points.
5.1 BOSTON'S CONCEPTUAL FRAMEWORK FOR PRIORITIZING
TRANSPORTATION INVESTMENTS
All transportation projects in the Boston region are prioritized through the process
described by Figure 5-1. This is the structure of the Transportation Plan for the Boston
Region. The Metropolitan Planning Organization (MPO)67 intends for the Transportation
67 The MPO represents 101 cities and towns in the Boston region. It consists of six state and regional
signatory agencies: the Executive Office of Transportation and Construction (EOTC), the Massachusetts
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Plan to eventually be a guide of projects that the MPO intends to construct, projects which
are undergoing comprehensive evaluations, and those projects which are in early stages of
the planning process. The Plan has not yet reached this degree of "clarity".68
The Transportation Plan's project selection framework, summarized by Figure 5-1, groups
projects into six time and/or need specific categories: ongoing, current, level 1 (awaiting
implementation), level 2 (short-term), level 3 (long-term), and level 4 (future projects).
The following is a more detailed description of these six categories:
* Ongoing: This category spans all of the other time periods. It covers routine
maintenance and infrastructure replacement and safety projects that occur on an
ongoing basis.
* Current: This category covers non-maintenance projects that are under construction,
and therefore are funded or at least partially funded (such as the Central Artery/ Third
Harbor Tunnel).
* Level 1, Awaiting Implementation: This category covers projects that have
Massachusetts Environmental Policy Act (MEPA) approval and are ready to be
included in the TIP but are awaiting funding.
Highway Department (MHD), the Massachusetts Bay Transportation Authority (MBTA), the Metropolitan
Area Planning Council (MAPC), the Advisory Board to the MBTA, and the Massachusetts Port Authority
(Massport). The Joint Regional Transportation Committee (JRTC) is the advisory component of the
MPO. Several other agencies who are involved in transportation, but are not members of the MPO,
include the Massachusetts Turnpike Authority (MTA), the Massachusetts Aeronautics Commission
(MAC), and the Metropolitan District Commission (MDC). The MPO's main goal is to carry out the
transportation planning process first set out in the Federal Aid Highway Act of 1962, and subsequent
amendments.68 Boston #1, p. 8-4.
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* Level 2, Short-term Projects (FY1996-FY2000): This category includes projects
that are undergoing detailed environmental, feasibility, and alternative analyses. Level
2 covers most SIP and ADA transportation commitments as identified by the
Massachusetts Bay Transit Authority (MBTA), Massachusetts Highway Department
(MHD), Massachusetts Turnpike Authority (MTA), and the Executive Office of
Transportation and Construction (EOTC). It also includes the study of projects for
which short-term implementation appears feasible and/ or desirable.
* Level 3, Long-term Projects (FY2001-FY2020): This category covers projects
which appear desirable given current analyses but which need further analyses in the
regional planning and modeling processes to determine if the benefits justify further
expenditures in Level 2.
* Level 4, Future Projects: These projects are the result of transportation plan analysis
or other systems level needs analysis and are nominated by local governments, MPO
agencies, and other transportation agencies that serve the public. The MPO reviews
projects in this list to determine if they are consistent with the goals and policies of the
Transportation Plan before projects are advanced towards feasibility analysis and
eventual implementation.69
The arrows in Figure 5-1 show how projects rise on the priority hierarchy through the
various "levels" to eventually be incorporated into the TIP. In order to pass between
levels, a project must satisfy certain screening criteria. These screening criteria address
factual issues regarding how developed a project is, as well as more subjective issues
regarding the costs and benefits of the project. In particular, the screening criteria which
grant passage through the project selection hierarchy are as follows:
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69 Boston #1, p. 8-3 to 8-4.
* Screen between Level 4 and Level 3:
* Addresses identified need in the regional transportation network
* General compliance with the goals and policies of the Transportation Plan and
Sub-Signatory Committee of the MPO (SSC)70 / MPO approval of the work
scope /Unified Planning Work Program for feasibility study.
* Positive result from system level planning analysis.
* Screen Between Level 3 and Level 2:
* Contributes to an integrated transportation system consistent with financial
feasibility.
* Supports compact development.
* Compatible with state energy and economic development plans.
* Demonstrates compliance with Clean Air Act.
* Complies with American with Disabilities Act.
* Screen Between Level 2 and Level 1:71
* Completed environmental study and Massachusetts Environmental Policy Act
(MEPA) approval.
* Complete alternatives analysis.
* Modeled as part of the regional transportation system and found in compliance
with goals and policies of the Transportation Plan.
* Consistent with state and regional development plan.
* Financially feasible and cost effective.
* Public support.
* Notification to all communities.
* Best project based on studies above to meet an identified deficiency.
* Screen Between Level I and TIP:72
* Reasonable notification to all communities for public comment.
* MPO approval to move to TIP.
* Availability of funds for the defined three year period of the TIP.
Within these screening criteria lie the prioritization mechanisms of the project selection
process. These mechanisms will be refined as the MPO continues to improve the TP.73 In
70 SSC - Designees of MPO members. They review and approve distribution of reports and other
documents related to the Transportation Plan, Transportation Improvements Program (TIP), and Unified
Planning Work Program.
71 Boston #1, p. 8-5 and 8-16.
72 Boston #1, p. 8-14.
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their current form, these prioritization mechanisms are very vague. For example, a
criterion in the screen between levels 4 and 3 requires that a project produce "positive
results from the system-level planning analysis". The criterion does not make clear what
would qualify as a "positive" result. Section 5.4 of this chapter defines a methodology for
more clearly specifying these prioritization mechanisms.
5.2 BOSTON'S TCM PRIORITIZATION PROCESS
Section 5.1 discussed Boston's conceptual framework for prioritizing transportation
investments. TCM prioritization is a subset of this framework. This section will briefly
describe Boston's TCM prioritization process and how it interacts with the overall
transportation prioritization framework.
TCM Prioritization is a continuous process which can be broken down into 3 "sieves"
(The "3-sieve structure was suggested by the case studies and is pictured in Figure 4-1,
explained in Section 4.7.1 and reprinted as Figure 5-2.) These three sieves are:
* Sieve #1: Analysis of TCMs for inclusion in the SIP
* Sieve #2: Project development process
* Sieve #3: TIP programming process
Sieve #1 is unique to TCMs. In other words, non-TCM projects do not pass through this
sieve. This is because the SIP is the state's plan for attaining and maintaining regional air
quality. It deals specifically with air quality and is only interested in transportation
projects if they are/ or could be part of the state's plan for attaining and maintaining air
quality.
73 Boston #1, p. 8-5.
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Sieve #2 is synonymous to a portion of the transportation prioritization process pictured in
Figure 5-1. In particular, Sieve #2 is equivalent to Levels 1, 2, 3, and 4 of Figure 5-1.
However, TCMs do receive unique treatment within these four Levels. Namely, if a TCM
is committed to in the SIP, it automatically receives Level 1 or Level 2 status.
Sieve #3 is also synonymous to a portion of the prioritization process pictured in Figure 5-
1. Namely, Sieve #3 is equivalent to the screening process which links "Level 1" and the
"TIP" level of Figure 5-1. TCMs do receive unique treatment within this screening
process. In particular, if a TCM is a SIP commitment it receives funding priority; the
availability of funding is a major screening criterion in Boston's existing Level 1 - TIP
screening process.
5.3 POSITIVE CHARACTERISTICS OF BOSTON'S EXISTING
TECHNICAL ANALYSIS PROCEEDINGS
The case studies and literature revealed many of the issues involved in effectively
addressing TCM analysis. It was found that many of the issues and insights brought forth
by the case studies and literature were accounted for in Boston's existing technical
analysis activities. A list of these positive characteristics is presented by the next few
subsections; the title of each subsection indicates what insight brought forth by the case
studies is being discussed in the subsection. The body of the subsection discusses how the
region addressed the insight.
5.3.1 The interaction of transportation and land-use is a major
determinant of travel behavior, and therefore emission impacts
The region recognizes that "there is clearly a close relationship between transportation and
land-use" and that it is not a simple one.74 In an effort to address this issue, a land-use
allocation model has been integrated with the region's transportation models. Now, not
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74 Boston No. 1, p. ES-3.
only can the impacts of population and employment on transportation be forecasted, but
also the impacts of transportation on employment and population.7
5.3.2 Air quality analysis is more accurate when conducted on a regional
(or broader than regional) level as opposed to a local level
The case studies and literature review revealed that it is preferred to conduct air quality
planning on a regional, rather than local level. This is because pollutants, as well as the
mobile sources of pollutants, usually traverse local boundaries. The Clean Air Task Force
(which was appointed to develop a strategy to reduce the growth of vehicle trips and
emissions in the Commonwealth in order to attain, and maintain, clean air) agreed that its
task should be performed on a regional and statewide basis due to the nature of the air
quality issue. 76 The Task Force includes representatives from several regional and state-
level agencies. Also, the technical analysis conducted by the Task Force was regional in
scale.
5.3.3 Analyzing TCM packages enables the analysis to better identify
synergies and induced impacts amongst projects
The Task Force agreed that it is important to analyze packages of various measures, in
addition to analyzing the effectiveness of individual measures.77 This was an issue brought
up by the San Francisco case study, the Washington DC case study, as well as by several
TCM emission impact models which were reviewed in Chapter 3. Unfortunately, the case
studies and literature review do not offer any conclusions regarding the most suitable way
to analyze TCM packages.
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75 Boston No. 1.
76 Air Quality #1, p. 1.
77 Air Quality #1, p. 1.
Although the Task Force identified the need to analyze TCM packages, it is not clear how
exactly they went about performing the analysis. Nevertheless, the issue is reflected in its
recommendations. For example:
* Recommendations are broken down into seven categories which could be considered
to be "packages". The case studies broke measures down into similar categories and
called each category a "package". The seven categories Boston used were:
1. Cleaner vehicles and fuels;
2. Improvements in the efficiency of existing highway capacity which encourage
higher-occupancy vehicle use;
3. Enhanced transit services and operations;
4. Enhanced bicycle and pedestrian access programs;
5. Employer ride-sharing requirements;
6. Development strategies; and
7. Market-based measures.
* The Task Force recommends "encouraging new development which is located near
existing alternative transportation infrastructure, and which promotes the highest
feasible average vehicle occupancy." 78 In other words, it is suggesting that land-use
measures be coupled with transit measures, bike measures, pedestrian measures, or
HOV measures.
* Also, one of the Task Force recommendations was to "incorporate performance
measures... of transit service quality developed by the MBTA [Massachusetts Bay
Transportation Authority] and other RTA's [Regional Transit Authorities], in the
State Implementation Plan."79  This recognizes that "if the transit goals prove
consistently unattainable it could signal the need to reassess the entire package of
mobile source strategies that rely on transit as the alternative model." In other words,
it recognizes that if the transit element of the emission reduction program does not
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78 Air Quality #1, p. 8.
79 Air Quality #1, p. 6.
materialize, the effectiveness of the other strategies which were "packaged" with it will
also be jeopardized.
5.3.4 Data availability limits the accuracy the analysis is able to achieve
This issue has implications on the best use of these analysis results. Professionals from
Boston's Central Transportation Planning Staff and Metropolitan Area Planning Council
have acknowledged the limitations of the region's data resources. Due to data limitations,
the accuracy of analysis results is also limited. The region has chosen not to pursue highly
quantitative scoring procedures at the TIP level in part because of this issue. This is not
an atypical situation, although some MPO's have invested funds in improving data and
analysis tools.
5.3.5 There is a range of methods available for quantifying the emissions
and travel impacts of TCMs- certain methods can better analyze a
given TCM than other methods can
The Central Transportation Planning Staff (CTPS) advised the Technical Advisory
Committee to the Clean Air Task Force on the optimal use of regional modeling tools for
the analysis of TCMs. The CTPS made clear that a range of methods exist and that
certain methods could better analyze a given TCMs than others. Appendix N discusses
these recommendations in detail; it describes the analysis possibilities for each TCM
category.
Also, the CTPS enumerated several "guiding considerations" which practically parallel the
conclusions drawn from the case studies and literature review. These considerations are
reprinted below 80:
* The larger or broader the anticipated TCM impact, the greater the rationale for
using the regional model.
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80 Document No. 7.
* The smaller or more localized the anticipated impact, the greater the rationale for
using "back of the envelope" techniques or case study information from the
literature.
* The more specifically an action can be defined, the easier it may be to analyze.
* If an action clearly affects a specific component of travel cost or travel time, use of
the regional model might be appropriate.
* For many TCM's, case study information will be far more valuable than any
original analysis.
* Many TCMs - transit, HOV, land-use based - are being analyzed now or will be
analyzed soon in the context of other studies.
* There are several EPA (US Environmental Protection Agency), FHWA (Federal
Highway Administration) and other reports - CTPS has several of them -
containing suggested non-model based quantitative analysis approaches.
* The impacts of many TCM's simply cannot be credibly quantified.
Thus, Boston is clearly aware of many of the issues surrounding TCM analysis brought
forth by the research. However, it should be noted that Boston's manner of dealing with
these issues differs from the approaches found in the case studies. Namely, Boston's
approach is less structured, or systematic. By drawing on the case studies, the next
section (5.4) recommends a methodology for systematizing the use of technical analysis
for prioritizing TCMs.
5.4 RECOMMENDED PRIORITIZATION METHODOLOGY
This section recommends a methodology for better structuring the interaction of technical
analysis with the (TCM) decision-making process in Boston. These recommended
improvements do not guarantee a better TCM program, however. They are merely tools
for making more informed decisions.
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According to the literature, quantification methods and prioritization methods are often
best used as "learning tools", given their limited accuracy and precision. Thus, much of
the benefit of conducting technical analysis lies in the insights gained while conducting the
analysis, rather than in the actual results. (Though the results are not worthless, of course.)
The recommended methodology thus does not focus on the results, but on the method
used to produce the results. In other words, it does not provide a "plug-and-chug
formula" for producing a relative ranking of TCMs. Rather it specifies a sequence of tasks
which would lead to a relative ranking of projects, possible ways for performing these
tasks, and the issues to consider when selecting an approach for performing these tasks.
This methodology follows directly from the conclusions of Chapters 3 and 4. These
conclusions are summarized in sections 3.4 and 4.8; they are not reprinted here. However,
four conclusions at the heart of the proposed methodology are summarized below:
1. Project selection processes focused on by the case studies often ranked
projects in "cycles"; they begin by ranking projects roughly so as to reduce
the number of potential projects. Once the potential list of projects has been
reduced to a point at which more detailed analysis of all the remaining
projects is a feasible endeavor (i.e. would not consume too much money and
time) projects may be ranked more precisely.
2. Some regions found it beneficial to use systematic ranking schemes.
3. A systematic ranking scheme need not be highly quantitative.
4. The general components of a systematic ranking scheme were identified as
follows:
Based on the examples found in the case studies, it may be concluded that developing a
systematic ranking process generally involves the following components:
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INPUTS:
* Criteria - Choose the criteria upon which project ranking will be based.
* Measures and Standards - Determine measures and standards which will be used to
determine if a project complies to the above criteria.
* Calculations - Determine the value (qualitatively or quantitatively) of these measures
and standards.
* Weight Criteria - Determine the relative importance of the above criteria.
"PROCESSOR":
* Choose a ranking process such as screening; screening and scoring; or some other
method. The ranking process should specify what characteristics a project must have
in order to obtain a particular rank. For example, the ranking process could specify
that projects which meet all of the screening criteria are ranked as "high priority," and
that all other projects are ranked as "low priority." Or, a ranking process could
specify that projects with scores between 0 and 30 are ranked as "low priority,"
projects with scores between 30 and 70 are ranked as "medium priority," and projects
with scores between 70 and 100 are ranked as "high priority."
OUTPUT:
* The output of a highly systematic ranking process not only indicates what a project's
rank is, but why it was ranked that way. For example, if a project was ranked as "low
priority" because its score was very low, this explanation should be available
somewhere in the documentation.
The components listed above are not unique to systematic ranking schemes - any ranking
scheme must contain the above inputs, outputs, and "processor." What distinguishes a
systematic approach from a non-systematic one, is how explicitly and specifically the
above components are defined. The proposed "Prioritization Methodology" therefore
attempts to specify a sequence of tasks which, if followed and documented, would
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produce a ranking of TCMs in a systematic manner. This sequence of tasks is summarized
below.
The next two sections (5.5 and 5.6) apply the proposed "Prioritization Methodology" to
two critical decisions of the TCM prioritization process.
81 Chapter 1 defined the "best" method as the method which (1) maximized the accuracy of the final
prioritized list, (2) was the most inexpensive, and (3) was sufficiently precise.
82 Same as above.
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Proposed Prioritization Methodology
In order to structure the use of technical analysis in making a particular decision, a series
of five questions could be answered. When applied to a particular decision and set of
TCMs, this series of questions results in a prioritized list of TCMs. The five questions are:
1. Which criteria to consider?
2. Which measures best indicate a project's ability to meet these criteria?
3. What analysis method should be used to estimate the value of these measures?
4. What is the relative weight or importance of the criteria identified in Question #1?
5. Which method(s) could develop the "best"81 relative ranking of projects/options based
on the above analysis (i.e. the analysis discussed in Questions 1 through 4)?
Chapter 4 describes how the case study regions chose to answer these five questions. In
addition, Chapter 3 describes, in detail, the range of answers to question #3. Both
Chapters 3 and 4 identify the factors which govern how to "best"8 2 answer each of the five
questions listed above.
5.5 APPLYING THE PROPOSED PRIORITIZATION
METHODOLOGY TO BOSTON'S SIP PROCESS
5.5.1 Background
The State Implementation Plan (SIP) documents the state's plans for attaining and
maintaining air quality goals. It deals with all sources of air pollution, not just mobile
transportation sources. However, because mobile transportation sources contribute
significantly to the region's air quality problem, strategies for minimizing emissions from
these sources are included in the SIP. The Clean Air Act Amendments encourage regions
to consider the ability of TCMs to reduce emissions.83
Massachusetts has considered the ability of various TCMs to reduce regional emissions.
The most recent84 attempt to analyze TCM strategies, and the one which is discussed in
this section, was conducted by the Clean Air Task Force for Transportation. The
Secretary of Environmental Affairs and the Secretary of Transportation and Construction
appointed the Task Force in January, 1993, to develop a strategy to reduce the growth of
vehicle trips and emissions in the Commonwealth of Massachusetts in order to attain, and
maintain clean air. This strategy was intended to contribute to the Commonwealth's
overall State Implementation Plan for achieving clean air.
The Task Force considered seven categories of TCMs:
* Improved Efficiency for Existing Highway Capacity
* Improved Transit Service and Operations
* Bicycle and Pedestrian Measures
* Employer-based Actions to Increase Vehicle Occupancy
* Parking Controls and/or Fees
* Land-use Controls and/or Indirect Source Permitting
* Market Based Fees and Other Programs
83 Appendix P describes the requirements the Clean Air Act places on non-attainment regions.
84 As of 1994.
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Based on a set of selection criteria, the results of previous analysis efforts, and with the aid
of a Technical Advisory Group, the Clean Air Task Force reduced this broad list of
potential TCMs to a set of recommended strategies for achieving air quality goals in
Massachusetts.85
The next few subsections will compare the methodology used by the Clean Air Task
Force, to the "Prioritization Methodology" which was derived from the case studies and
summarized in Section 5.4. The "Prioritization Methodology" consisted of five questions.
Each question will be discussed in a separate subsection. Each subsection will describe
* which elements of the Task Force's methodology could be used to implement the
proposed "Prioritization Methodology," and
* what additional analysis is needed in order to implement the proposed
methodology.
5.5.2 Question #1: Which criteria to consider?
The Clean Air Task Force attempted to select TCMs which:
1. Offer the largest reductions for the air pollutants of greatest concern (volatile
organic compounds and nitrogen oxides),
2. Have the lowest marginal cost of control ($/ ton of emission reduction),
3. Cost the least to Massachusetts' economy overall,
4. Cost the least to administer, to implement, and to monitor,
5. Spread the cost burden equitably,
6. Have the broadest regional applicability to prevent competitive disadvantages for
Massachusetts businesses,
7. Can accommodate reasonable economic growth within the region in an
environmentally sound manner,
8. Rationalize pricing and/or provide incentives to use markets wherever possible to
ensure successful implementation of TDM measures. Encourage businesses to
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develop least-cost methods on site for activities which support state efforts to
achieve Clean Air Act requirements,
9. Avoid measures that increase or relocate emissions and congestion rather than
reduce them.86
These were the "criteria" the Task Force based their recommendations on. As can be seen
from the above list of criteria, the Task Force based their recommendations on much more
than air quality; most case study regions also based their prioritization process on a broad
set of criteria, although not all case studies used the same set of criteria as each other.
Also, it should be noted that the Task Force's criteria did not explicitly refer to some
common benefits of transportation projects such as mobility, accessibility, maintenance,
and improved safety. These are important benefits to consider because their is an
opportunity cost to any transportation investment; in light of limited funding, money
committed to TCMs cannot be spent on other transportation projects, so it is important to
choose TCMs which have as much total benefit to the transportation system as possible,
not just air quality benefit.
In conclusion, the Task Force answered the first question of the Prioritization
Methodology, and documented its answer.
5.5.3 Question #2: Which measures best indicate a project's ability to
meet these criteria?
It is not clear how the Clean Air Task Force measured compliance to the criteria just
discussed. Sometimes criteria imply how to measure compliance with them, but the exact
definition is not clear. Other criteria provide no indication of how compliance with them
should be measured. The next few paragraphs describe the measures specified or implied
for each of the criteria.
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Criterion #1: Largest reduction of Air Pollutants
The Task Force presented some analysis on the strategies which were eventually chosen.
This analysis consisted of the following measures:
* 1996 VOCs in kgs/ day,
* 1999 VOCs in kgs/ day, and
* 1999 NOx in kgs/ day.
All case study regions used this same basic measure of air quality benefit: "amount of
pollutant reduced per day by a given TCM." However, there were distinctions amongst
the case studies. For example, they did not all calculate the measure for the years 1996
and 1999; not all regions used the units of kilograms - some used pounds or tons. Also,
some subtleties of the measures can only be uncovered by delving into how they were
calculated. Chapter 3 provides an in depth discussion of the basic methodology used to
estimate the "amount of pollutant reduced per day by a given TCM", and the various
methods available for doing so.
Criterion #2: Lowest Marginal Cost
A measure of the second criteria was specified: "$/ ton of emission reduction". This was
the measure all case study regions used to quantify "cost-effectiveness" (other regions did
not call it "marginal cost.") As discussed in Chapter 4, most regions use this same
measure name ("$ per ton of emissions reduced"), but the exact definition varies amongst
regions. To begin with, the costs which make up the "$" part of the measure, varies
amongst regions. Some regions include only capital costs, while others include operations
and maintenance costs as well.
Criteria #3 and #6:
These two criteria are very broad. No measure was mentioned or implied. Also, no
examples of how to measure these criteria were provided by the case studies.
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Criterion #4: Cost the Least to Administer, to Implement, and to Monitor
The measure of compliance with this criteria seems obvious enough; it would most likely
be the sum of a TCM's estimated administration, implementation, and monitoring costs.
However, the Task Force never specifies how these costs will be calculated; a variety of
approaches to calculating these costs exist, each one with its own set of implications. For
example, would the administration/ implementation/ monitoring cost of an HOV lane
include the cost of policing the lane.
Criterion #5: Spread the Cost Burden Equitably
This criteria seems amenable to quantification, i.e. quantitative measures of compliance
could be used.. However, neither a quantitative or more qualitative measure is specified.
Criteria #7, #8, and #9:
The Task Force did not discuss how to measure compliance with these three criteria.
In conclusion, the Task Force did not fully answer the second question of the proposed
"Prioritization Methodology," and its answer was not clearly documented.
5.5.4 Question #3: What analysis methods should be used to estimate the
value of these measures?
The Technical Advisory Group to the Clean Air Task Force had access to a range of
methods for quantifying the emission and travel impacts of TCMs. These methods are
summarized in Appendix N. Appendix N contains a memo written from the Central
Transportation Planning Staff"7 to the Technical Advisory Group describing the range of
methods available to the Technical Advisory Group for analysis of TCMs. The memo
breaks the available methods into three groups:
87 The Central Transportation Planning Staff provides technical and policy analysis support to the Boston
MPO. CTPS provides regional modeling and forecasting studies, air quality analysis and various other
technical assistance.
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* regional model based,
* partial regional model based, and
* non-regional model based.
The memo made the Technical Advisory Group aware of many of the issues brought forth
by Chapters 3 and 4 regarding how to choose the "best" 88 quantification method for a
given application. The issues the memo identified have already been listed in Section
5.3.6. In addition to these issues, the Task Force recognized the value of analyzing TCM
packages in its Final Report. However, it never documented (or perhaps it never
developed) a methodology for quantifying the impacts of TCM packages.
Although the memo made the Technical Advisory Group Aware of the range of methods
available and indicated the issues which determine the "best" method for a given
application, it is unclear from the documentation 89 which methods the Advisory group
eventually chose. Furthermore, since measures were specified only vaguely , if at all, it is
hard to say what type of quantitative analysis tool would "best" estimate the value of the
measures. Chapter 3 outlined the factors which govern which method is "best" for a given
application. Figure 3-3 summarizes that discussion.
The main conclusions drawn from comparing the Task Force's analysis approach (to
estimating TCM impacts) and the approaches found in the case studies are as follows:
* The Technical Advisory Group to the Clean Air Task Force was aware of many
of the issues brought forth by the case studies and literature review of
quantification methods.
* It is not clear if the Task Force analyzed TCM packages, even though they
acknowledged their merit. While not all case study regions managed to develop
88 In chapter 1 the "best" method was defined as the method which would (1) maximize the accuracy of
the prioritized list, (2) be as inexpensive as possible, and (3) produce sufficiently precise results.
89 The analysis in this section is based on the Final Report of the Clean Air Task Force. The researchers
were unable to contact members of the Technical Advisory Group to the Task Force to clarify if, how, and
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a methodology for analyzing TCM package, they recognized the importance of
this issue.
Because the Task Force specified measures of compliance only vaguely, it is
unclear what type of quantification method would "best" estimate the values of
these measures.
In conclusion, the Task Force's Final Report does not make it clear how the Task Force
chose to answer the third question of the "Prioritization Methodology."
5.5.5 Question #4: What is the relative weight or relative importance of
the criteria identified in Question #1?
The Task Force did not weight competing criteria in a systematic manner. This differs
from the approaches found in the case studies which were, in general, more systematic
than that of the Massachusetts Task Force. As defined in this thesis a "systematic"
method provide some guidelines for determining how important one criteria is relative to
another criteria and would document these relative weights. It is useful to systematize this
process because it encourages all projects to be analyzed in a comparable manner.
Analyzing projects in a comparable manner is important if the analysis is to be used for
ranking projects relative to one another.
Some of the Task Force's criteria clearly conflict with each other, so the Task Force must
have used some means of weighting their importance before developing their
recommendations. For instance, the first and third criteria clearly conflict. They were:
* Offer the largest reductions for the air pollutants of greatest concern (volatile
organic compounds and nitrogen oxides), and
* Have the lowest marginal cost of control ($/ ton of emission reduction).
which quantification methods were used to analyze potential TCMs. The Final Report does not make this
clear.
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TCMs which offer the largest emission reductions, do not necessarily have the lowest
marginal cost (when the only benefit considered is air quality as is typically done). For
example, "area-wide ridesharing" and "signal-timing" have one of the strongest abilities to
reduce hydrocarbon emissions, but they are not amongst the most cost-effective
measures. 90
5.5.6 Question #5: Which method(s) could develop the "best"'O relative
ranking of projects/options based on the above analysis (i.e. the
analysis discussed in Questions 1 through 4)?
While the final recommendations presented by the Task Force are very logical and well
presented, it is unclear how or why these recommendations were better than any other
possible recommendations. In other words, it is unclear how all the potential TCMs
identified at the beginning of the process were ranked. Some case study regions used a
relatively systematic method for ranking TCMs. In these case studies, the ranking scheme
was generally based on the results of questions 1 through 4. These regions used one or
both of two methods to systematize the relative ranking of TCMs: scoring and screening.
Chapter 4 discusses these findings in detail.
Unfortunately, the thesis cannot suggest even a hypothetical scoring and/or screening
methodology given the analysis contained in the Task Force's Final Report. Some key
pieces of information which are unavailable or nonexistent include:
* more exact definitions of the meaning of certain criteria and what constitutes
compliance with these criteria,
* which TCM impacts were estimated, how accurate these estimates are, and how
precise, and
90 Document No. 8, p. i and ii. (A report by Apogee Research entitled "Costs and Effectiveness of
Transportation Control Measures.") The "averages" produced by this report are discussed in section 2.6
of this thesis.
91 Chapter 1 defined the "best" method as the method which (1) maximized the accuracy of the final
prioritized list, (2) was the most inexpensive, and (3) was sufficiently precise.
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how important a given criterion is relative to each of the other criteria (i.e.
criterion weights).
5.5.7 Summary of Conclusions and Recommendations Regarding
Boston's SIP Process
Although prioritization did obviously occur during the process conducted by the Task
Force, the basis for prioritization is not clear. The past few subsections (5.5.2 through
5.5.6) compared the process conducted by the Task Force to the "Prioritization
Methodology" which was developed based on the case studies (presented in Section 5.4.)
This comparison produced the following conclusions:
* QUESTION #1: The Clean Air Task Force based their recommendations on much
more than air quality, just as all the other case study regions did. However, they did
not consider some common benefits of transportation projects such as mobility,
accessibility, maintenance, and improved safety. These are important benefits to
consider because their is an opportunity cost to any transportation investment; in light
of limited funding, money committed to TCMs cannot be spent on other transportation
projects, so it is important to choose TCMs which have as much total benefit to the
transportation system as possible, not just air quality benefit.
* QUESTION #2: It is not clear how the Clean Air Task Force measured compliance to
the criteria. Sometimes criteria imply how to measure compliance with them, but the
exact definition is not clear. Other criteria provide no indication of how compliance
with them should be measured.
* QUESTION #3: The main conclusions drawn from comparing the Task Force's
analysis approach (to estimating TCM impacts) and the approaches found in the case
studies are as follows:
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* The Technical Advisory Group to the Clean Air Task Force was aware of many
of the issues brought forth by the case studies and review of quantification
methods.
* It is not clear if the Task Force analyzed TCM packages, even though they
acknowledged their merit. While not all case study regions managed to develop
a methodology for analyzing TCM package, they all recognized the importance
of this issue.
* Because the Task Force specified measures of compliance only vaguely, it is
unclear what type of quantification method would "best" estimate the values of
these measures.
* QUESTION #4: The Task Force did not weight competing criteria in a systematic
manner. This contrasts the approaches found in the case studies which were, in
general, more systematic than the Task Force's.
* QUESTION #5: While the final recommendations presented by the Task Force are
very logical and well presented, it is unclear how or why these recommendations were
better than any other possible recommendations. The Task Force did not use a
systematic ranking scheme, unlike some case study regions which used scoring and/or
screening to rank projects systematically. Unfortunately, the thesis cannot suggest
even a hypothetical scoring and/or screening methodology given the analysis contained
in the Task Force's Final Report. Some key pieces of information which are
unavailable or nonexistent include:
* more exact definitions of the meaning of certain criteria and what constitutes
compliance with these criteria,
* which TCM impacts were estimated, how accurate these estimates are, and
how precise, and
* how important a given criterion is relative to each of the other criteria (i.e.
criterion weights).
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Thus, there are some elements of the Task Force's existing methodology which could be
used to conduct the "Prioritization Methodology" proposed in Section 5.4. However, as a
whole, the Task Force did not approach its task in the manner the "Prioritization
Methodology" encourages. In order to use the "Prioritization Methodology," the Task
Force would have to enhance its existing methodology as was discussed in the previous
paragraph. Also, it would have to approach its task in a more systematic and explicit
manner.
5.6 APPLYING THE PROPOSED PRIORITIZATION
METHODOLOGY TO BOSTON'S TIP PROCESS
This section will briefly describe the process Boston used to prioritize projects for their
1996-1998 TIP. It then describes Boston's past and current efforts to revise their TIP
prioritization process. Five subsections (5.6.1 through 5.6.5) follow this discussion; each
subsection describes how Boston currently addresses a step of the 5-step "Prioritization
Methodology" which was presented in Section 5.4. The last subsection (5.6.6) draws
some conclusions.
In order to be included in the TIP, projects follow the following general process:
* The 101 cities and towns in the region submit project proposals to Boston's
Metropolitan Area Planning Council (MAPC).
* The MAPC weeds out proposals that cannot be implemented within the next three
years. This usually means that many details such as right-of-way must be sorted
out in order for a project to be accepted. These projects are collected into a draft
TIP.
* The Metropolitan Planning Organization (MPO), with the aid of the Central
Transportation Planning Staff (CTPS), financially constrains this draft TIP and
sends out the revised TIP for public review. A sample of the financial constraints
governing the 1996-1998 TIP are provided in Appendix L.
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* Public review entails publishing the TIP in the paper and receiving/responding to
comments sent in by interested parties.
* The TIP then is reexamined by the MPO until it meets their approval. A final TIP
is made.
* Any amendments to this TIP must also undergo public review.92
No systematic scoring, ranking, or prioritization process was used to generate the 1996-
1998 Boston TIP. However, the 1996-1998 TIP process did employ some prioritization
mechanisms. For example, SIP projects were required to receive funding. This does not
necessarily mean that they would be the first projects to be implemented, however. More
detail on the sequence of events leading to a projects inclusion in the TIP and forms used
in the process are provided in Appendix M.
Much thought has been given to revising the current TIP programming process. TIP
prioritization studies can be summarized by three statements: (1) the available data and
analysis cannot support a highly quantitative prioritization scheme; (2) a statewide
prioritization process is difficult to devise because regions within the state have differing
priorities; and (3) currently, a qualitative prioritization scheme is being tested by Boston's
Metropolitan Area Planning Council. This newest attempt prioritizes projects based on
their consistency with regional growth policy, and based on their safety, maintenance, or
mobility benefits.
5.6.1 Question #1: Which criteria to consider?
In order to pass from level 1 status (of the project selection framework pictured in Figure
5-1) into the TIP, a project must meet 5 criteria:
* Reasonable notification to all communities for public comment.
* MPO approval to move to TIP.
* Availability of funds for the defined three year period of the TIP.
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92 Boston Interview No. 1.
* In order to be programmed for implementation, a project must be construction-
ready.
* If a project is a SIP, EIS, some other type of legislative commitment, or a
project which has been given top priority (e.g. projects part of the CA/T) - then
it receives priority in the TIP programming process by being guaranteed
funding.
These criteria contrast the range of criteria considered by most case study regions. Most
other case study regions considered the above criteria, in addition to criteria which more
directly reflect a project's benefits. For example, Dallas/ Fort Worth used the following
set of criteria to select projects to receive Congestion Management/ Air Quality Funds:
1. Current Cost Effectiveness
2. Local Cost Participation
3. Air Quality/ Energy Conservation
4. Congestion Management Plan/ Transportation Control Measures
5. Intermodal/ Multimodal/ Social Mobility
San Francisco's TIP scoring scheme contains an especially broad range of criteria - too
broad to list here. (See Appendix S for details.)
In conclusion, the Boston MPO (who leads the TIP programming process) answered the
first question of the proposed "Prioritization Methodology," and documented its answer.
5.6.2 Question #2: Which measures best indicates a project's ability to
meet these criteria?
All of Boston's TIP criteria listed above are also the measures of the criteria. Conformity
to them is indicated by a "yes/no" answer. The TIP specifies under what conditions a
"yes" will be granted. For example, in the case of the first criterion, what constitutes
"reasonable notification" has been defined. Likewise, what constitutes "MPO approval"
and "construction-ready" have also been defined. Thus, Boston answered the second
question of the proposed "Prioritization Methodology."
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5.6.3 Question #3: What analysis methods should be used to estimate the
value of these measures?
This does not apply to the particular set of criteria Boston uses in its TIP prioritization
process since none of the criteria (or criterion measures) are based directly on impact
estimates. Thus, no analysis of impacts is necessary to conduct the TIP prioritization
process (although much analysis was required for the processes which proceeded it.)
5.6.4 Question #4: What is the relative weight or relative importance of
the criteria identified in Question #1?
The criteria in Boston's TIP prioritization process are not "competing" criteria. They are
all equally important, and a project must conform to all of them in order to be
programmed into the TIP. Thus, Boston answered the fourth question of the proposed
"Prioritization Methodology."
5.6.5 Question #5: Which method(s) could develop the "best" relative
ranking of projects/options based on the above analysis (i.e. the
analysis discussed in Questions 1 through 4)?
Projects may receive one of two rankings in Boston's current TIP process:
1. Include the project in the TIP, or
2. Do not include the project in the TIP.
A screening process consisting of all the criteria listed in "Question #1," is used to
determine which ranking a project receives. The financial demands of the projects which
pass the screen generally do not exceed the funding available; therefore, all of the projects
which pass the screen can be assigned a funding source and included in the TIP. So long
as this remains true, a more precise ranking of projects is not necessary.
However, some planners in the Boston region are worried about the financial demands
being imposed by the Central Artery/ Tunnel project; namely they are worried that the
project's cost will exceed its initially forecasted value. If this happens, then the financial
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demands of the projects passing the existing screening process, may exceed the available
funding. In order to decide which projects should receive funding first and be included in
the TIP a more precise ranking scheme would need to be used. Some planners in
Boston's Metropolitan Area Planning Council (MAPC) have been experimenting with
alternative TIP prioritization processes. For example, a highly quantitative scoring scheme
was developed but then rejected because its data and analysis needs could not be met by
existing resources. A more qualitative, policy-based scheme is currently being tested. All
of the schemes being experimented with would offer a higher degree of precision than the
existing one.
In conclusion, the Boston MPO answered the fifth question of the proposed "Prioritization
Methodology."
5.6.6 Conclusions
Boston's existing TIP process conducts all of the five-steps outlined by the proposed
"Prioritization Methodology." The main contrast between Boston' approach and those
found in other case study regions, is that Boston selected projects based on a much more
limited set of criteria. Most other regions included criteria related directly to a project's
benefits, while Boston did not. For example, Boston did not directly consider benefits
such as mobility, accessibility, safety, or maintenance when prioritizing project proposals.
It is unclear, however, if Boston should follow the lead of these other regions, and revise
its process to include a broader range of criteria. It is unclear because in Boston most
prioritization decisions are made pre-TIP; the projects which are proposed for inclusion in
the TIP generally match the available funding which implies one of two things:
* either that some major "prioritization" occurs prior to TIP programming
decisions, or
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* that it is so clear which (types of) projects the TIP programming process will
prioritize, that sponsoring agencies 93 do not find it worthwhile to invest time in
developing alternative or additional project proposals.
Including a broader range of criteria will be of no use if project proposals continue to
match the available funding.
However, some of Boston's transportation planners believe that developing a broader
range of criteria, and ensuring project sponsors that projects meeting these criteria would
receive a fair chance of receiving funding - might provide sufficient motivation for project
sponsors to develop a broader set of project proposals. This is one issue which stimulated
recent attempts to restructure Boston's TIP prioritization process. The main benefit of
stimulating a more competitive TIP prioritization process is that the quality of project
proposals might increase. A higher "quality" set of projects would be more cost-effective
(i.e. cost-effective in the sense that the new set of projects would fulfill more of the
region's transportation needs for the same cost of a lower "quality" set of projects.)
Another major stimulus for revising Boston's existing TIP structure is related to the
Central Artery/ Tunnel project. As described in the previous section (5.6.5) if the CA/ T
exceeds its expected budget, then a more precise ranking scheme will be needed in order
to decide which projects are most worth funding.
Another major conclusion regards the treatment of SIP TCM commitments in the TIP
ranking scheme. In the current TIP ranking scheme, TCMs are given priority if they are
included in the SIP. However, as noted in Chapter 3, a TCM's effectiveness is dependent
largely on how the transportation system, as a whole, is developed. Thus, if limited
funding results in a transportation program different than the one assumed when the SIP
commitments were originally made, the value and effectiveness of these SIP commitments
should be re-assessed. Perhaps in the context of the new transportation program another
93 Every project proposed for inclusion in the TIP is proposed by a sponsoring agency.
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set of TCMs would be more effective than the ones originally committed to. The next
Section (5.7) is related to this issue.
5.7 SECONDARY CONCLUSION: TYING THE PRIORITIZATION
PROCESS TOGETHER
There was one issue brought forth by both Boston and the other four case studies, which
neither addressed fully: TCMs which reduce emissions greatly in the long-run must
change travel behavior. A web of factors govern an individual's travel behavior.
Considering this web of factors when prioritizing TCMs involves a high degree of
coordination amongst transportation agencies, as well as other public agencies,
developers, politicians, businesses, and private citizens.
For example, in addition to selecting TCMs, transportation agencies need to coordinate
such factors as:
* Which other transportation projects are also implemented. This is important
because choosing a travel mode is based on the relative level of utility offered by the
available modes.
* When the TCM is implemented relative to these other projects. This is important
because once individuals structure their lives around a certain travel pattern, the
benefits of restructuring their lives and travel patterns do not only need to be greater
than the benefits of their current status, but they also need to outweigh the
inconvenience of "restructuring" (e.g. moving costs, stress, time consumption.)
Thus, implementing a TCM sooner, rather than later, may reduce the magnitude of
TCM investment needed to effect a given change in travel patterns.
In order to facilitate this high level of coordination amongst the various agencies and
parties, the technical analysis framework could be used to streamline and tie the various
prioritization decisions together.
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Unfortunately, the case studies did not explore this issue, since it only became apparent
after they were conducted. The following discussion suggests a means for addressing this
issue in Boston which is based on the information which was gathered.
A Proposed Method For Tying the 3 Sieves (SIP, project development, TIP) Together
Boston's existing TCM prioritization structure has "weak links." Extensive analysis of
TCMs is conducted at the SIP stage. Much of the analysis focuses on identifying TCMs
with large air quality potential; a lot of thought is invested in defining an effective strategy.
However, this is often the only point in the prioritization process at which the unique
needs of air quality projects are considered in detail or at all. In prioritization stages
following the SIP stage, SIP commitments generally receive priority simply because they
are "SIP commitments".
One method for ensuring that the extensive air quality analysis conducted at the SIP level
is carried through into subsequent planning processes revolves around the use of
performance measures and standards to "manage" air quality concerns. The SIP could
become the basis of an air quality "management system" in the following manner.
Extensive analysis of regional air quality is conducted at the SIP level. While not many
TCMs are included in the SIP, many are analyzed. The SIP analysis is used to identify
which TCMs have the greatest potential to improve air quality; but, the analysis could also
be maneuvered to reveal under what conditions various TCMs have the potential to
reduce air pollution. This information could be the basis for performance measures and
standards used to guide the "Project Development" and "TIP Programming" phases of
prioritization.
Massachusetts' Clean Air Task Force alluded to this concept and specified three means of
achieving it in its recommendations.
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1. It suggested incorporating performance measures of transit service quality in the
State Implementation Plan.
2. With regard to the Commonwealth's existing employer ride-sharing program, the
Task Force identified the need for a "fairer, performance-based standard for
measuring success."
3. Also, "some members recommended that the Commonwealth streamline and
strengthen existing air quality reviews of new development, providing clearer, more
effective standards and incentives that result in better location decisions and
reduced trips generated by new development."
All three recommendations regard developing performance measures and/or standards to
monitor and guide the implementation of various SIP commitments.
5.8 SUMMARY OF CONCLUSIONS DRAWN IN CHAPTER 5
The objective of this chapter was to draw upon the case studies (i.e. Chapter 4) and the
review of quantification methods (i.e. Chapter 3) in order to develop a technical analysis
framework for the Boston region which specified the interaction of technical analysis with
the TCM prioritization decision-making process. In particular, the framework was to
address two issues underlying the interaction:
1. Which prioritization decisions should the technical analysis facilitate? (The
TCM prioritization process consists of a continuous sequence of decisions
regarding how to define projects and which projects to develop further.)
2. How exactly should analysis results be used to facilitate decision making?
The next two subsections (5.8.1 and 5.8.2) describe the conclusions drawn in regard to
these two issues. Subsection 5.8.3 summarizes some general conclusions regarding
Boston's TCM analysis methods.
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5.8.1 "How exactly should analysis results be used to facilitate decision
making?"
The thesis focuses on the second issue discussed above partly because the research mainly
addressed the second issue. As a result, this was the focus of the proposed technical
analysis framework and the conclusions. The main component of the proposed technical
analysis framework was the "Prioritization Methodology" developed in Section 5.4 of this
chapter. This prioritization methodology specifies "how exactly analysis results should be
used to facilitate decision-making."
One underlying theory of the proposed "Prioritization Methodology" is that the insights
gained by applying the methodology are just as valuable to the decision-making process
than the actual results of the methodology. The results are relevant to the decision-
making process, but only when considered within the context of the methodology used to
produce them.
A second underlying theory of the proposed "Prioritization Methodology" is that
systematizing the interaction of technical analysis and decision-making is beneficial. A
systematic approach is desirable because it helps ensure that all projects are analyzed and
considered for priority in an equitable manner (equitable in the sense that all projects are
treated in the same manner and have the same opportunity to receive priority status.)
This "Prioritization Methodology" was based on the examples found in the case studies,
which focused on TIP and SIP related processes. However, the proposed prioritization
methodology is very general and could easily be applied to processes not related to the
TIP and SIP. In order to demonstrate the implications of this "Prioritization
Methodology" on Boston's current TCM prioritization process, it was applied to 2 critical
decisions in Boston's current TCM prioritization process:
1. Which TCMs to consider for inclusion in the SIP. The methods used by the
Clean Air Task Force was discussed in Section 5.5.
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2. Which TCMs to include in the TIP. The 1996-1998 TIP prioritization
process was discussed in Section 5.6.
The conclusions drawn from these 2 comparisons were summarized in Table 5-1 and by
Sections 5.8.1.1 and 5.8.1.2.
5.8.1.1 Conclusions Regarding Boston's SIP Process
Although prioritization did obviously occur during the process conducted by the Task
Force, the basis for prioritization is not always consistent with what is proposed by this
thesis as an idealized method for setting priorities. Sections 5.5.1 through 5.5.5 compared
the process conducted by the Task Force to the Prioritization Methodology which was
developed based on the case studies (presented in Section 5.4). This comparison
produced the following conclusions:
* QUESTION #1: The Clean Air Task Force based their recommendations on much
more than air quality, just as all the other case study regions did. However, they did
not explicitly consider some common benefits of transportation projects such as
mobility, accessibility, maintenance, and improved safety (in the sense that they were
not one of the stated selection criteria.) These are important benefits to consider
because their is an opportunity cost to any transportation investment; in light of
limited funding, money committed to TCMs cannot be spent on other transportation
projects, so it is important to choose TCMs which have as much total benefit to the
transportation system as possible, not just air quality benefit.
* QUESTION #2: It is not clear how the Clean Air Task Force measured compliance to
the criteria. Sometimes criteria imply how to measure compliance with them, but the
exact definition is not clear. Other criteria provide no indication of how compliance
with them should be measured.
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QUESTION #3: The main conclusions drawn from comparing the Task Force's
analysis approach (to estimating TCM impacts) and the approaches found in the case
studies are as follows:
* The Technical Advisory Group to the Clean Air Task Force was aware of many
of the issues brought forth by the case studies and literature review of
quantification methods.
* It is not clear if the Task Force analyzed TCM packages, even though they
acknowledged their merit. While not all case study regions managed to develop
a methodology for analyzing TCM package, they all recognized the importance
of this issue.
94 Chapter 1 defined the "best" method as the method which (1) maximized the accuracy of the final
prioritized list, (2) was the most inexpensive, and (3) was sufficiently precise.
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Summary of Proposed Prioritization Methodology
In order to structure the use of technical analysis in making a particular decision, a series of five
questions could be answered. When applied to a particular decision and set of TCMs, this series of
questions results in a prioritized list of TCMs. The sequence of question is as follows:
1. Which criteria to consider?
2. Which measures best indicate a project's ability to meet these criteria?
3. What analysis method should be used to estimate the value of these measures?
4. What is the relative weight or importance of the criteria identified in Question #1?
5. Which method(s) could develop the "best" 94 relative ranking of projects/options based on the
above analysis (i.e. the analysis discussed in Questions 1 through 4)?
Chapter 4 describes how the case study regions chose to answer these five questions. In addition,
Chapter 3 describes, in detail, the range of answers to question #3. Both Chapters 3 and 4 identify
the factors which govern how to "best" answer each of the five questions listed above.
Because the Task Force specified measures of compliance only vaguely, it is
unclear what type of quantification method would "best" estimate the values of
these measures.
* QUESTION #4: The Task Force did not weight competing criteria in a systematic
manner. This contrasts the approaches found in the case studies which were, in
general, more systematic than the Task Force's.
* QUESTION #5: While the final recommendations presented by the Task Force are
very logical and well presented, it is unclear how or why these recommendations were
better than any other possible recommendations. The Task Force did not use a
systematic ranking scheme, unlike some case study regions which used scoring and/ or
screening to rank projects systematically. Unfortunately, the thesis cannot suggest
even a hypothetical scoring/ screening methodology given the analysis contained in the
Task Force's Final Report. Some key pieces of information which are unavailable or
nonexistent include:
* more exact definitions of the meaning of certain criteria and what constitutes
compliance with these criteria,
* which TCM impacts were estimated, how accurate these estimates are, and
how precise, and
* how important a given criterion is relative to each of the other criteria (i.e.
criterion weights).
Thus, there are some elements of the Task Force's existing methodology which could be
used to conduct the "Prioritization Methodology" proposed in Section 5.4. However, as a
whole, the Task Force did not approach its task in the manner the "Prioritization
Methodology" encourages. In order to use the "Prioritization Methodology," the Task
Force would have to enhance its existing methodology as was discussed in the previous
186
paragraph. Also, it would have to approach its task in a more systematic and explicit
manner.
Table 5- 1 Summary of Conclusions (Each cell states whether the Boston's current
process addresses the given question and specifies key details on how it
was answered.)
Question 1:
Criteria
Question 2:
Measures
Question 3:
Computing
the
Measures
Question 4:
Weighting
Criteria
Question 5:
Ranking
Projects
YES. Based recommendations on much more
than air quality, but did not consider benefits
such as mobility, accessibility, safety, and
maintenance.
NO. Not clear how compliance with certain
criteria was measured
NO. Aware of many of the issues. Not clear if
they analyzed TCM packages. Because
measures were specified only vaguely, it is
unclear what type of analysis is necessary.
NO. Did not systematically weight competing
criteria. This contrasts the methods found in
the case studies which were, in general, more
systematic.
NO. Unclear how or why recommended TCMs
were better than other TCMs. Did not use a
systematic method like scoring or screening
like some regions did
YES. The main contrast between Boston'
approach and those found in other case study
regions, is that Boston selected projects based
on a much more limited set of criteria.
YES. The criteria specified conditions under
which a project could be in compliance.
NOT APPLICABLE. Impact estimates were
not needed to determine if a project met the
specified criteria. However, extensive
analysis proceeded the TIP process.
YES. All criteria were equally important.
YES. Used a screening process to rank
projects. The ranking produced was not very
precise, but was sufficiently precise.
5.8.1.2 Conclusions Regarding Boston's TIP Process
Boston's existing TIP process conducts all of the five-steps outlined by the proposed
"Prioritization Methodology." The main contrast between Boston' approach and those
found in other case study regions, is that Boston selected projects based on a much more
limited set of criteria. Most other regions included criteria related directly to a project's
benefits, while Boston did not. For example, Boston did not explicitly consider benefits
such as mobility, accessibility, safety, or maintenance when prioritizing project proposals.
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It is unclear, however, if Boston should follow the lead of these other regions, and revise
its process to include a broader range of criteria. It is unclear because in Boston most
prioritization decisions are made pre-TIP; the projects which are proposed for inclusion in
the TIP generally match the available funding which implies one of two things:
* either that some major "prioritization" occurs prior to TIP programming
decisions, or
* that it is so clear which (types of) projects the TIP programming process will
prioritize, that sponsoring agencies 95 do not find it worthwhile to invest time in
developing alternative or additional project proposals.
Including a broader range of criteria would be of no use if project proposals continue to
match the available funding.
However, some of Boston's transportation planners believe that developing a broader
range of criteria, and ensuring project sponsors that projects meeting these criteria would
receive a fair chance of receiving funding - might provide sufficient motivation for project
sponsors to develop a broader set of project proposals. This is one issue which stimulated
recent attempts to restructure Boston's TIP prioritization process. The main benefit of
stimulating a more competitive TIP prioritization process is that the quality of project
proposals might increase. A higher "quality" set of projects would be more cost-effective
(i.e. cost-effective in the sense that it would fulfill more of the region's transportation
needs for the same cost of a lower "quality" set of projects.)
Another major stimulus for revising Boston's existing TIP structure is related to the
Central Artery/ Tunnel (CA/T) project. As was described in Section 5.6.5, if the CA/T
exceeds its expected budget, then a more precise ranking scheme will be needed in order
to decide which projects are most worth funding.
Another major conclusion regards the treatment of SIP TCM commitments in the TIP
ranking scheme. In the current TIP ranking scheme, TCMs are given priority if they are
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included in the SIP. However, as noted in Chapter 3, a TCM's effectiveness is dependent
largely on how the transportation system, as a whole, is developed. Thus, if limited
funding results in a transportation program different than the one assumed when the SIP
commitments were originally made, the value and effectiveness of these SIP commitments
should be re-assessed. Perhaps in the context of the new transportation program another
set of TCMs would be more effective than the ones originally committed to.
5.8.2 "Which Decisions the Technical Analysis Should Facilitate"
At the beginning of this section (Section 5.8) it was stated that the proposed technical
analysis framework aimed to address two issues:
1. Which prioritization decisions should the technical analysis facilitate? (The
TCM prioritization process consists of a continuous sequence of decisions
regarding how to develop projects and which projects to develop further.)
2. How exactly should analysis results be used to facilitate decision making?
Although the thesis focused on the second of the two issues listed above, some
conclusions related to the first issue were formed as well. These conclusions are listed
below:
0 The TIP and SIP processes are two very critical decisions of the TCM prioritization
process. They are critical because including projects in these documents commits a
region to implementing them. For example, if a region does not fulfill its SIP
commitments, sanctions may be imposed on the region by the federal government.
Many regions have focused attention on prioritizing projects systematically before
deciding which projects to include in these two documents, the SIP and TIP. Boston
might consider systematizing their TIP and SIP processes further, and a methodology
for doing so was developed in sections 5.4 through 5.6.
95 Every project proposed for inclusion in the TIP is proposed by a sponsoring agency.
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* Although TIP and SIP related decisions are very critical, the decisions which come in
between the programming of the TIP and the development of the SIP, are also
important. This is especially true in Boston since most prioritization decisions are
made pre-TIP. Here are two examples of decisions which occur between TIP
programming and SIP development:
1. the project selection processes of sponsoring agencies (for example the
project selection process of the Massachusetts Bay Transportation
Authority), and
2. decisions about what to include or what to advance through the
Transportation Plan (TP), the region's long-range plan for developing its
transportation system.
* There was one issue brought forth by both Boston and the other four case studies,
which neither addressed fully: TCMs which reduce emissions greatly in the long-run
must change travel behavior. A web of factors govern an individual's travel behavior.
Considering this web of factors when prioritizing TCMs involves a high degree of
coordination amongst transportation agencies, as well as other public agencies,
developers, politicians, businesses, and private citizens. In order to facilitate this high
level of coordination, the technical analysis could be used to streamline and tie the
various prioritization decisions together. A method for doing this was formulated in
Section 5.7.
5.8.3 Recurring Issues Brought Forth by Research-- Positive
Characteristics of Boston's Existing TCM Analysis Methodology
The case studies, as well as the review of methods available for quantifying emission and
travel impacts of TCMs - brought forth some recurring issues regarding TCM analysis.
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The research suggests that transportation agencies in Boston are aware of many of these
issues. These issues were discussed in detail by Section 5.3 of this chapter. In addition,
they are summarized below:
1. The interaction of transportation and land-use is a major determinant of travel
behavior, and therefore emission impacts.
2. Air quality analysis is more accurate when conducted on a regional (or broader
than regional) level - as opposed to a local level.
3. Analyzing TCM packages enables the analysis to better identify synergies amongst
project impacts.
4. If TCMs are chosen due to their synergistic nature - then the failure to implement a
portion of a TCM program can compromise the effectiveness of the portion of the
program which is implemented.
5. Data availability limits the accuracy quantitative methods are able to achieve -
which in turn has implications on the best use of their analysis results.
6. There is a range of methods available for quantifying the emissions and travel
impacts of TCMs - certain methods can better analyze a given TCM than other
methods can.
Thus, this chapter has discussed the various similarities and differences between the
approaches Boston and the other four case study regions have adopted to prioritize TCM
investments using technical analysis. As was discussed above, Boston is aware of many of
the issues brought forth by the research. However, its manner of dealing with them differs
from the approaches adopted by other case study regions. Namely, it is less structured
and systematic. Thus, based on the case studies, this chapter developed an idealized
approach for using technical analysis to develop priorities systematically; Section 5.4
presents this "Prioritization Methodology." The next chapter tests this methodology by
applying it to a hypothetical situation in the Boston region.
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Chapter 6
Trial Run:
Applying the Proposed
"Prioritization Methodology" to
a Hypothetical Situation
This chapter applies the proposed "Prioritization Methodology" to a very simple
hypothetical situation; it uses the "Prioritization Methodology" to prioritize a set of 3
projects which are competing for funding in the Boston region. There are a few
motivations for conducting this trial run:
1. Two underlying theories of the proposed methodology are that (1) approaching
the process in a systematic manner is beneficial, and (2) the insights gained by
applying the methodology are at least as valuable to the decision-making process
as the actual results of the methodology. This sample application should clarify
what is meant by "systematically approaching the process," in case previous
discussions have failed to explain this concept sufficiently. Also, the sample
application should provide some examples of valuable insights which might be
gained from applying the methodology.
2. This trial run is also being conducted to identify any shortfalls of the proposed
methodology, or elements of the methodology which require further definition.
3. The proposed methodology was based on the case studies. The case studies
focused on TIP and SIP processes. However, the proposed "Prioritization
Methodology" is not limited to TIP and SIP related applications. The trial run
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illustrates this point by applying the methodology to a situation not related to the
TIP or SIP.
The chapter begins with a description of the simple hypothetical situation in Section 6.1.
The next five sections (6.2 through 6.6) apply the five steps of the "Prioritization
Methodology" to the hypothetical situation. Briefly, the five steps being referred to are:
1. Which criteria to consider?
2. Which measures best indicate a project's ability to meet these criteria?
3. What analysis method should be used to estimate the value of these measures?
4. What is the relative weight or importance of the criteria identified in Question #1?
5. Which method(s) could develop the "best"96 relative ranking of projects/options
based on the above analysis (i.e. the analysis discussed in Questions 1 through 4)?
Section 6.7 concludes the chapter by summarizing its findings.
6.1 DEFINITION OF THE HYPOTHETICAL SITUATION
The 1994 Program for Mass Transportation (PMT) outlines Boston's plan for developing
its mass transit system. Boston plans to develop and implement a range of projects which
fall into one of two categories:
* SIP and CA/T Mitigation Expansion Projects, and
* Additional Expansion.
Each of these two categories consists of projects to be implemented in the short-term
(through the year 2000), as well as the long-term (after 2000).
In the hypothetical scenario being defined, Boston is considering the possibility that when
the year 2000 arrives, not all of the long-term projects contained in the PMT could be
implemented due to funding shortages. Amongst these long-term commitments are three
extensions of the "T" (the subway/ light rail system which serves the Boston area):
1. Green Line Extension to Medford Hillside (near Tufts),
2. Blue Line Extension to Lynn, and
96 Chapter 1 defined the "best" method as the method which (1) maximized the accuracy of the final
prioritized list, (2) was the most inexpensive, and (3) was sufficiently precise.
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3. Red Line Extension to Mattapan.
A brief description of each of these three projects is provided in subsections 6.1.1 through
6.1.3. The first of these three projects is committed to in the State Implementation Plan
(SIP) and is a mitigation commitment for the Central Artery/ Tunnel (CA/T) project.
Because of this, either the Green Line project, or a substitute project, must be
implemented and would therefore receive funding priority. The planning staff would like
to answer the following question:
In the event that not enough funds are available to even implement SIP and CA/T
mitigation commitments such as the Green Line project, could less expensive
projects be substituted for the existing commitments. In the case of the hypothetical
scenario described in this chapter, could either the Blue Line project or the Red
Line project be substituted for the Green Line commitment?
In sections 6.2 through 6.6 the proposed "Prioritization Methodology" is used to develop
an answer to this question.
6.1.1 Green Line Extension to Medford Hillside (near Tufts)97
A Green Line extension to Medford Hillside would provide rapid transit service through
Somerville to Medford Hillside in the vicinity of Tufts University. The extension would
run from Lechmere Station 3.9 miles along railroad rights-of-way to Medford Hillside.
There would be stations at Washington, School, and Lowell Streets in Somerville, at Ball
Square (Broadway) on the Somerville/Medford border and at Medford Hillside (see
Figure 6-1.) The School Street and Lowell Street Stations would each include 50 parking
spaces. The Medford Hillside Station would have 200 spaces.
6.1.2 Blue Line Extension to Lynn
The Blue Line currently runs from Wonderland Station in Revere to Bowdoin Station in
the Government Center area of downtown Boston. At six miles, it is the shortest of the
MBTA's three high-platform rapid transit lines. The Blue Line has direct connections
with the Orange and Green Lines, but not with the Red Line.
97 The following description is taken from page 8-20 of the 1994 PMT (Boston No. 8.)
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Figure 6- 1 Green Line Extension to Medford Hillside is shown in dark print ("T" is
the symbol for the rest of the subway system)
(Reprinted from Boston No.8, page 8-21, figure 8-6.)
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An extension of this line to Lynn would consist of a four-mile extension from Wonderland
to Central Square in Lynn, via the Narrow Gauge right-of-way (see Figure 6-2).
Intermediate stations would be located at Point of Pines, serving a residential community
in northern Revere, and at West Lynn, serving the General Electric Plant and other
employment. 98
6.1.3 Red Line Extension to Mattapan 99
A Red Line extension to Mattapan would replace the current Mattapan High Speed Line,
which runs approximately 2.6 miles from Ashmont station at the end of one branch of the
Red Line to Mattapan Square at Blue Hill Avenue. There are six station stops between
Ashmont and Mattapan serving residential neighborhoods in South Dorchester and Milton.
At present, a trolley car runs every 4 minutes during peak periods, every 8 minutes during
the day, and every 12 minutes at night. The fleet for the High Speed Trolley is made up of
President's Conference Committee (PCC) cars built in the 1940's. These are used
because maintenance of the electronic systems of modem Light Rail Vehicles would
require an on-line carhouse. It will not be possible to operate the High Speed Line
indefinitely with the present cars, and a decision on their replacement will be needed in the
near future. Present peak schedules require six cars, all operated as single units.
The Red Line extension would operate along the same right-of-way as the Mattapan line,
but with fewer stations. New rapid transit stations would be located only at Mattapan,
Central Avenue, and Butler Street (see Figure 6-3). Present stations at Capen Street,
Valley Road, Milton, and Cedar Grove would be discontinued. Frequency would decrease
on the Mattapan Line from 4 minute headways to 8 minute headways during the peak.
98 The following description is taken from page 9-48 of the 1994 PMT (Boston No. 8.)
99 This description was taken from page 9-50 of the 1994 PMT (Boston No. 8).
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Figure 6- 2 Blue Line Extension to Lynn is shown in dark print ("T" is the symbol
for the rest of the subway system)
(Reprinted from Boston No. 8, page 9-49, figure 9-18.)
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Figure 6- 3 Red Line Extension to Mattapan is shown in dark print ("T"' is the
symbol for the rest of the subway system)
(Reprinted from Boston No. 8, page 9-52, figure 9-19.)
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6.2 QUESTION #1: WHICH CRITERIA TO CONSIDER?
If either the Blue Line Extension to Lynn or the Red Line Extension to Mattapan is to be
substituted for the Green Line Extension to Medford Hillside then they should meet the
following three criteria (according to the hypothetical scenario being defined in this
chapter):
1. Their air quality benefit should be at least as great as the air quality benefit of
the Green Line project. This is a criterion because this must be true in order for
a project to qualify as a substitute for a SIP commitment.
2. Their cost should be less than or equal to the cost of the Green Line project.
This is a criterion because a presumed funding shortage is the main motivation
for substituting the original Green Line commitment with another project.
3. The quality of their other benefits should be sufficiently comparable to the
quality of the Green Line project's benefits. "Other benefits" refers to project
benefits other than those included in Criteria 1 and 2; some examples of "other
benefits" includes a project's ridership impacts, the amount of additional service
it provides, its impacts on traffic, and its impact on the service quality provided
by Boston's mass transit system. It is being assumed (in this hypothetical
situation) that the region would not like to select a substitute project whose
overall benefits to the transit system were inferior, but would be willing to
sacrifice some benefits if the cost savings were substantial. Thus, this criterion
involves a trade-off amongst monetary cost, air quality benefits, and "other
benefits." The ideal balance of these three factors (monetary cost, air quality,
and other benefits) is a function of professional opinion and financial realities.
Some assumptions about this ideal balance will need to be made in upcoming
stages of the "Prioritization Methodology."
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6.3 QUESTION #2: WHICH MEASURES BEST INDICATE A
PROJECT'S ABILITY TO MEET THESE CRITERIA?
This section discusses how a project's compliance with the above criteria is measured.
The suggested measures are based on the system level analysis conducted for the 1994
PMT and presented within it.'1° In other words, the analysis conducted in the PMT limits
the range of measures available for determining compliance with the three criteria listed in
the previous section, according to the hypothetical scenario being defined by this chapter.
Possible measures of these three criteria are discussed in sections 6.3.1 through 6.3.3.
6.3. 1 Criterion #1: The air quality benefit of a substitute project should be
at least as great as that of the Green Line project
The PMT analysis calculates two measures which are directly related to Criterion #1:
1. "VOC Reduction in kilograms per weekday" The estimated number of
kilograms of volatile organic compounds the project will eliminate. These
estimates were derived by multiplying the reduction in vehicle miles traveled
by an emission factor from Mobile 5A.'O ' 102
2. "Percent Emission Reduction" This measure represents the percent
reduction of regional volatile organic compound emissions resulting from the
project and the ridership it attracts. 0 3
Both of these two measures are useful in measuring a project's compliance to Criterion
#1. Thus, a project may be said to comply with Criterion #1 if both of the following is
true:
* Its "VOC reduction" is greater than or equal to the "VOC reduction" of the
Green Line Project. According to the PMT, the Green Line project reduces 47.3
kilograms of VOC per weekday. 04
100 A detailed description of the PMT analysis process is available in the Boston Case Study which is
presented in Appendix A of this Thesis.
101 Boston No. 9, page F-4.
102 More information on emission factors and Mobile5A are provided in Chapter 3 of this thesis.
103 Boston No. 9, page F-14.
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Its "Percent Emission Reduction" is at least as great as the "Percent Emission
Reduction" of the Green Line project. According to the PMT, the Green Line
project should reduce regional emissions by 0.06 %.'05
These two measures are described very briefly here. They are both highly quantitative
measures; they are based on the results of quantitative models. Thus, their complete
definition involves explaining the methodology used to calculate them. This is described
more fully in Section 6.4. However, it should be noted that the 1994 PMT did define
these measures very specifically, and that the measures were calculated in a uniform (i.e.
systematic) manner for all projects. This is pointed out because one of the underlying
theories of the "Prioritization Methodology" proposed by this thesis is that it is beneficial
to systematize the analysis and decision-making process.
6.3.2 Criterion #2: The cost of a substitute project should be less than or
equal to the cost of the Green Line project
This criterion is included because the main motivation for substituting the original Green
Line commitment with another project is a presumed funding shortage. Thus, the
appropriate measure for this criterion depends on the nature of the funding shortage.
Namely, will there not be enough funds to pay for capital costs; enough funds to pay for
maintenance and operation costs; or enough funds to pay for either? The PMT provides
four types of cost estimates which may be used to measure compliance with Criterion #2:
1. Total Capital Cost. The cost to construct the new facility or service, including
vehicle costs. The cost estimates are in 1993 dollars. The sources for the
capital costs are based on estimates from MBTA consultant studies, estimates
from the MBTA, or generated by CTPS using standard transit construction cost
figures.
104 Boston No. 9, page F-6.
105 Boston No. 9, page F-10.
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2. Annual Capital Cost. The cost to maintain the facility on an ongoing basis.
These costs, also in 1993 dollars, were calculated using life-cycle costing
method.
3. Annual Operating Cost. The cost to operate the service. These figures were
calculated by multiplying the number of vehicle service hours by the average
hourly operating cost for that mode of transit vehicle. The average costs were
provided by the MBTA.
4. Annual Fare Revenue. The amount of fare revenue expected to be generated
by the new service. These figures were derived either through the regional
model, or by applying average fares to the new ridership generated.'0 6
As in the case of Criterion #1, the measures of Criterion #2 are highly quantitative. They
are described briefly in this section, and the complete definition of the above measures
involves explaining the methodology used to calculate them. This is described more fully
in Section 6.4.
If there is only a shortage of funds available for initial capital costs then compliance with
Criterion #2 could be measured as follows:
* Are the project's "total capital costs" less than or equal to the "total capital costs"
of the Green Line project. According to the 1994 PMT, the "total capital costs" of
the Green Line project are 88 million dollars.
If there is only a shortage of funds for operations and maintenance costs then compliance
with Criterion #2 could be measured as follows:
* Are the project's {"annual capital costs" plus "annual operating costs" minus
"annual fare revenue"} less than the {"annual capital costs" plus "annual operating
costs" minus "annual fare revenue" of the Green Line Project. According to the
PMT, these costs are equal to {2,875,000 + 2,111,000 - 1,072,000 = 3,914,000}
dollars for the Green Line project.
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However, if there is a shortage of funds for both initial capital costs and
operation/maintenance costs, then compliance with Criterion #2 is dependent on both of
the above measures. For the purposes of this example, assume that the funding shortage
would apply to initial capital costs only. Thus, savings related to operation/maintenance
costs would be considered one of a project's "other benefits" that are considered in
Criterion #3.
6.3.3 Criterion #3: A substitute project's other benefits should be
sufficiently comparable to those of the Green Line project
This criterion is very broad. The meaning of "other benefits" is clarified by observing the
range of evaluation criteria which the MBTA used to develop the PMT. These criteria
could be grouped into the following categories:
* utilization
* cost-effectiveness
* air quality impacts
* service quality and coverage
* impact on existing system
* economic impacts
* land use impacts.
The PMT identifies several measures for each of the above evaluation criteria:
* Utilization
* Total New Trips, New Transit Trips, Riders/Vehicle Service Hour, Riders/Vehicle
Service Mile
* Cost-Effectiveness
* Farebox Ratio, Investment/New Daily Transit User, Annualized Cost/ New Daily
Transit User, Annualized Cost/Hour of Travel Time Savings, Annual Operating
Subsidy
* Air Quality Impacts
* Percent Emission Reduction, Capital Cost/ kg VOC Eliminated
* Service Quality & Coverage
* Improved Connections, System Accessibility, Distribution of Service, Unmet Needs,
Travel Time Savings, Safety/ Security, Comfort/ Convenience, Crowding
106 Boston No. 9, page F-4.
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* Impact on System
* Preservation of Existing System, Preservation of Future Options,
Efficiency/Effectiveness
* Economic Impacts
* Economic Development Potential, Potential for Private-Sector Participation
* Land Use Impacts
* Supports Urban Core, Supports Suburban Compact Development
The detailed definitions of these measures, and the project characteristics upon which they
are based, are available in Appendix J. They are not discussed here further because of the
nature of the ranking process which will be developed in sections 6.5 and 6.6. As will be
mentioned in sections 6.5 and 6.6, both Criteria #1 and #2 must be met in order for a
project to be an eligible substitute for the Green Line SIP commitment. Therefore there is
no need to consider a project's "other benefits" in detail, unless it has been shown to meet
both Criterion #1 and Criterion #2. Not only is there no need to consider the "other
benefits," but it may also be more economical not to consider them at this point in the
process. This is because "other benefits" is such a broad term which would be very time
consuming to define and estimate.
6.4 QUESTION #3: WHAT ANALYSIS METHOD SHOULD BE
USED TO ESTIMATE THE VALUE OF THESE MEASURES?
Both quantitative and qualitative analysis are needed to define the measures discussed in
the previous section (6.3). It is assumed, for the purposes of this hypothetical scenario,
that the qualitative analysis upon which the PMT was based could support the needs of the
hypothetical situation presented in this chapter. The qualitative analysis upon which the
PMT was based is summarized in the PMT. Appendix V contains the summaries of the
qualitative analysis conducted for the Green Line, Red Line, and Blue Line projects being
considered in this chapter. Notice that some quantitative analysis facilitates the qualitative
analysis contained in Appendix V. Also, the qualitative analysis is conducted in a
relatively systematic manner, in the sense that all projects appear to be analyzed in a
uniform way.
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Chapter 3 discussed the factors to consider when selecting a quantification method. The
main point of Chapter 3 is as follows. In essence, the "best" method for a given
application should:
* be as accurate as possible,
* minimize the cost of the planning process, and
* produce sufficiently precise results.
Chapter 3 concluded that the "best" method is dependent on a two-way matching process
between the characteristics of the quantification method and the characteristics of the
given application. It is assumed, for the purposes of the hypothetical scenario discussed in
this chapter, that the quantification methods used to develop the PMT are the "best".
Appendix W discusses the quantification methods used to develop the PMT.
In conclusion, the analysis conducted for the PMT was the "best" option because it is
assumed that:
* It is accurate. For example, in the case when cost estimates for competing
projects were based on a variety of sources (e.g. the capital cost estimates
were derived from three sources: MBTA consultant studies, estimates from
the MBTA, or generated by CTPS using standard transit construction cost
figures,) assume that analysis techniques are consistent across sources. If
they were not consistent it might compromise the accuracy of the relative
ranking which they will be used to produce.
* It is the most inexpensive option. Because the analysis has already been
conducted (its cost is "sunk") it costs nothing to use it in this scenario.
* It is sufficiently precise. It is assumed that the hypothetical scenario being
discussed in this chapter only aims to derive a rough ranking of projects. The
results of this rough ranking will indicate whether a more precise ranking
process needs to be conducted. It is assumed that the analysis contained in
the PMT is precise enough to produce a rough, but accurate, relative ranking
of projects.
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Thus, the answer to question 3 of the "Prioritization Methodology" is to use the
analysis conducted for, and summarized in, the PMT. This is assumed to be the most
suitable choice of analysis technique for the hypothetical situation being discussed in
this chapter. Appendix V and Appendix W document and summarize the analysis
methods used to develop the PMT.
6.5 QUESTION #4: WHAT IS THE RELATIVE WEIGHT OF THE
CRITERIA IDENTIFIED IN QUESTION #1?
Criterion #1 and Criterion #2 are equally important. This is because the hypothetical
situation discussed in this chapter assumes that both criteria must be met in order for a
project to be an eligible substitute for a SIP and CA/T mitigation commitment.
The relative "weight" of Criterion #3 is a two tiered issue. On one level, one must
consider the importance of Criterion #3 relative to Criteria #1 and #2. On another level,
one must consider the relative importance of the various "other benefits" referred to in
Criterion #3. Below is a brief discussion of these two issues. However, this discussion
does not go so far as to determine the actual relative weights. This is because, the ranking
scheme which will be developed in Section 6.6 requires the relative weights of Criterion
#3 to be known only if a project has already been shown to meet Criteria #1 and #2.
Defining the relative weights of Criterion #3 would be very time consuming since it is a
complex issue which has not been previously addressed (according to the hypothetical
situation being defined in this chapter.) If any of the projects being analyzed (i.e. the Red
Line or the Blue Line project) are shown to meet both Criteria #1 and #2, then defining
the relative weights of Criterion #3 would become necessary and would be addressed.
The importance of the third criterion relative to the first two, is a matter of judgment. If it
became necessary to define the relative importance it would be done as follows. Namely a
standard or limit would be set in the ranking scheme (developed in Section 6.6) in regard
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to the third criterion. If a project failed to meet this standard then it would not be in
compliance with the third criterion. The relative weight of Criterion #3 vs. Criterion #1 or
Criterion #2, is a function of this standard; setting a standard which is hard to obtain
indicates that Criterion #3 is very important relative to the other two criteria. Conversely,
setting a standard which is very easily met indicates that Criterion #3 is less important.
Another issue in regard to the third criterion is as follows. Criterion #3 is related to a
project's "other benefits". The term "other benefits" encompasses a broad range of
project impacts such as utilization, cost-effectiveness, service quality and coverage, impact
on existing system, economic impacts, land use impacts. The relative importance of these
impacts influences a project's ability to meet Criterion #3. For example, the relative
importance of service quality and economic impacts determines whether a project with
positive service quality impacts but negative economic impacts is better than a project with
negative service quality impacts and positive economic impacts.
In the ranking scheme proposed in Section 6.6, it will be proposed that a scoring scheme
be used to measure compliance to Criterion #3. The relative weights of each of the "other
impacts" could be reflected in the scoring scheme by adjusting the number of points
assigned to each impact. This technique is illustrated by the following example. Two
measures of "utilization" included in the PMT are "new transit trips per weekday" and
"riders per vehicle service hour." If both of these measures were used in the scoring
scheme their relative importance would be indicated by the conversion factors used to
convert each of them into the unitless point scale of the scoring scheme. Consider two
possible scenarios:
1. A project receives 1 point for every 100 new weekday transit trips it produces,
and 1 point for every 50 riders per vehicle service hour.
2. A project receives 1 point for every 150 new weekday transit trips it produces,
and 1 point for every 50 riders per vehicle service hour.
The first scenario attaches less weight to "new weekday transit trips" relative to "riders/
vehicle service hour", than the second scenario does.
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6.6 QUESTION #5: HOW TO DEVELOP THE "BEST" RELATIVE
RANKING OF PROJECTS
Given the characteristics of the hypothetical situation being analyzed the "best" method
for ranking the three projects being considered is as follows. The ranking process will be
divided into two parts: Ranking Cycle #1 and Ranking Cycle #2.
6.6.1 Ranking Cycle #1
The first part of the ranking process involves screening the projects as follows:
1. The project passes the screen if its "VOC reduction" is greater than or equal to
47.3 kilograms of VOC per weekday. 107
2. The project passes if its "Percent Emission Reduction" is at least as great as
0.06%.108
3. The project passes if its "total capital costs" are less than or equal to 88 million
dollars.
The following table applies this screening process to the three projects being considered in
this chapter. A positive number in a table cell indicates that a project passes the given
screening criterion; in order to accentuate this, cells with positive answers are shaded. In
order for a project to pass the entire screening process, and to qualify as a potential
substitute project, it must obtain a positive result (i.e. squares must be shaded) in regard to
all three measures. It is obvious that the Green Line project could qualify as a substitute
for itself, yet it is included in the table for the sake of completeness.
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107 Boston No. 9, page F-6.
108 Boston No. 9, page F-10.
Blue Line
Extension to Lynn
Red Line Extension
to Mattapan
Green Line
Extension to
Med ord Hillside
10.7 - 47.3 = -36.6
0.01 - 0.06 = -0.05
"VOC reduction"
minus 47.3
"% emission
reduction" minus
0.06%
$88,000,000 minus
"total capital cost"
DOES THE
PROJECT PASS
THE SCREEN?
As can be scene from the above table, neither the Blue Line project, nor the Red Line
project qualifies as a substitute for the original Green Line commitment. The Blue Line
project is too expensive ( it costs $187 million more than the Green Line project), but has
sufficient air quality benefit (about 13 kg per weekday more than the Green Line project.)
The Red Line project does not cost too much (costs $34 million less than the Green Line
project), but has much less air quality benefit (about one sixth the air quality benefit of the
Green Line project.)
Because compliance with Criterion #1 and Criterion #2 can be measured quickly and
therefore inexpensively, they were both included in the first ranking cycle which is
described above. Compliance with Criterion #3 is more difficult to determine because it is
such a broad and vaguely defined criterion. Thus, it would be wise to invest time in
measuring compliance to Criterion #3 only if some projects have been shown to comply
with Criteria 1 and 2 (which are easier to measure). As the above table shows, neither the
Red Line project nor the Blue Line project meet both Criteria 1 and 2, i.e. pass the first
ranking cycle.
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88,000,000 -
275,000,000 =
-187,000,000
NO NO
6.6.2 Ranking Cycle #2
If some projects had passed the first ranking cycle, then a secondary ranking scheme
would be developed to determine conformity to Criterion #3. Conformity to this criterion
could best be determined through the use of a rough scoring scheme. The scoring scheme
would consider a project's "other benefits," as well as its air quality benefits and financial
advantages. A rough scoring scheme has several advantages compared to other
approaches:
* Developing a scoring scheme encourages the analyst or decision-maker to explicitly
and systematically consider the relative weights of the range of impacts comprising
Criterion #3. The use of other methods such as "raw evaluation measures" or
"screening" (which were described in Chapter 4) does not impose as stringent
requirements on the thought process as "scoring" does.
* Because all of the impacts comprising Criterion #3 have been quantified or could easily
be quantified based on the PMT analysis, the highly numerical nature of scoring is not
a hindrance in this example.
* The scoring scheme would be rough (e.g. would use a high- medium- low scale)
because it is assumed that the impact estimates available are not highly precise. This
assumption is made because analysts involved in the PMT development indicated that
the PMT analysis results probably could not support highly quantitative scoring. Also,
a rough scoring scheme should be used because it is assumed that the relative weights
of the competing impacts could only be estimated to a certain degree of precision.
A project's score would indicate how much better than the Green Line project that project
was; a positive score would indicate that a project was better than the Green Line project
and a negative score would indicate the opposite. A large positive number would indicate
that a project was largely better than the Green Line project, while a smaller positive
number would indicate that the project's impacts are similar to the Green Line project's.
A scoring scheme in which a positive score indicates a project was better than the Green
Line project, and a negative score indicates the opposite, could be produced by taking
211
differences between the impacts of the Green Line project and the proposed substitute
project.
The last few paragraphs provide a general image of how to score Criterion #3. However,
a few details of the scoring scheme require further definition before the scoring scheme
could be applied to a simple example such as this one.
Once the scoring scheme is fully defined, and the competing projects have been scored,
this information could be used to determine if a project complies to Criterion #3. This
could be done as follows (keeping in mind that the Green Line project's score is "0" by
definition):
* Projects with scores above a certain positive number, A, receive top priority
* Projects with scores between another positive number, B (where B is less than
A), and A, receive medium priority.
* Projects with scores between B and -B, receive low priority. Thus, because this
range encompasses "0", the Green Line project will always receive low priority
in this ranking scheme.
* Projects with scores less than -B are considered to be not acceptable substitutes
for the Green Line project.
Ranking is performed in tiers (i.e. high-medium-low) in order to reflect the precision of
project scores, as well as the precision of impact estimates and relative weights upon
which the scores were based.
The value of the set standards (i.e. A and B) discussed above, is a matter of judgment. If
a project received either high, medium, or low priority through this ranking scheme, then it
would have to be analyzed more carefully so that the results of the rough ranking
processes (Ranking Cycle #1 and Ranking Cycle #2) could be confirmed.
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6.6.3 Results of the Ranking Process
The ranking process described in sections 6.2 through 6.6 was conducted to determine
whether the Blue Line project or the Red Line project should be considered as substitute
projects for the original Green Line commitment. The ranking produced by the two
ranking cycles which comprise the ranking process is as follows (keeping in mind that the
Green Line project always receives "low rank" by definition):
* Green Line project = low rank
* Red Line project = unacceptable
* Blue Line project = unacceptable.
As an example, consider if some other set of projects had been analyzed using this ranking
process. Assume that some of these projects had passed the first screening cycle, and
continued onto the second screening cycle. The ranking which resulted might have been:
* Project B = high rank
* Project E = high rank
* Project A = medium rank
* Green Line project = low rank
* Project D = low rank
* Project C = unacceptable
This example was provided to point out the breadth of this ranking scheme which was not
captured by the hypothetical scenario involving the Red Line and Blue Line projects, since
both projects did not even pass the first screening cycle.
6.7 CONCLUSIONS
This chapter applies the proposed "Prioritization Methodology" to a very simple
hypothetical situation; it uses the "Prioritization Methodology" to rank a set of 3 projects
which included the:
1. Green Line Extension to Medford Hillside (near Tufts),
2. Blue Line Extension to Lynn, and
3. Red Line Extension to Mattapan.
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The first of these three projects, the Green Line extension, is committed to in
Massachusetts' State Implementation Plan (SIP) and is a mitigation commitment for the
Central Artery Tunnel (CA/T) Project. Because of this, either the Green Line project, or a
substitute project, must be implemented and should therefore receive funding priority.
The Boston planning staff would like to answer the question:
In the event that not enough funds are available to even implement SIP and CA/T
mitigation commitments such as the Green Line project, could less expensive
projects be substituted for the existing commitments. In the case of the hypothetical
scenario described in this chapter, could either the Blue Line project or the Red
Line project be substituted for the Green Line commitment?
In sections 6.2 through 6.6 the proposed "Prioritization Methodology" was used to
develop an answer to this question. Each of the five steps of the "Prioritization
Methodology" was addressed in these sections, and they are summarized by Table 6-1.
The results of the "Prioritization Methodology" are as follows (keeping in mind that the
Green Line project always receives "low rank" by definition):
* Green Line project = low rank
* Red Line project = unacceptable
* Blue Line project = unacceptable.
The answer to the question "could either the Blue Line project or the Red Line project be
substituted for the Green Line commitment?" is "NO." Neither project is an acceptable
substitute for the Green Line project according to the guidelines assumed in this
hypothetical situation. These guidelines (which are described by Section 6.2 in more
detail) required that in order for a project to be an acceptable substitute for the Green Line
commitment:
1. their air quality benefit should be at least as great as the air quality benefit of the
Green Line project,
2. their cost should be less than or equal to the cost of the Green Line project, and
3. the quality of their other benefits should be sufficiently comparable to the
quality of the Green Line project's benefits.
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Table 6- 1 Application of the "Prioritization Methodology"
(Summary of Sections 6.2 through 6.6)
1.Criteria
Chosen as a
Basis for
Ranking.
2.Measures &
Standards
Used to
Estimate
Compliance
with Criteria
3.Methods Used
to Estimate
Impacts
4.Determining
the Relative
Importance or
Weights of
Ranking
Criteria
5.Defining the
Ranking
Scheme
* A project's air quality benetit snould DC at least as great as me air quanty Denent or
the Green Line project,
* A project's cost should be less than or equal to the cost of the Green Line project, and
* The quality of a project's other benefits should be sufficiently comparable to the
quality of the Green Line project's benefits.
A project is in compliance with:
* Criterion 1 if its "VOC reduction in kilograms per weekday" is greater than 47.3;
and if its "percent emission reduction" is greater than 0.06%.
* Criterion 2 if its "total capital costs" are less than 88 million dollars.
* Criterion 3 was not dealt with because it is only necessary to deal with criterion 3 if a
project has been shown to comply with Criteria 1 and 2 already.
Both qualitative and quantitative analysis are needed to estimate the impacts discussed
in question #2 (above.) It was assumed that the qualitative and quantitative analysis
upon which the PMT was based could support the needs of the hypothetical situation
presented within this chapter. It was assumed that these analysis results were accurate
and sufficiently precise. Also, they would be the most inexpensive option since the cost
of producing them was "sunk" (i.e. it had already been spent and was irretrievable.)
All three criteria are equally important, in the sense that a project is not an acceptable
substitute unless it meets all three. However, two weighting issues related to the third
criterion were not dealt with. First, the chapter never defined what "sufficiently
comparable" meant; this was a phrase used to define the third criterion. Second, the
chapter never defined the relative importance of the various "other impacts" referred to
in the third criterion. These two issues were not dealt with because they are difficult to
deal with and would only become relevant if a project was shown to comply with the
first two criteria already.
A two part ranking scheme was developed. The first ranking cycle results in two
groups of projects: (1) projects which are not acceptable substitutes for the Green Line
project because they do not comply with one or both of the first two criteria, and (2)
projects which are acceptable substitutes. "Unacceptable" projects do not proceed to
the second ranking cycle. The components of the first ranking cycle were all defined
and the ranking scheme was implemented. The second ranking cycle determines if
projects comply with the third criterion through the use of project scores, and standard
scores. The second ranking cycle assigns projects one of four possible ranks: high,
medium, low, or unacceptable. This ranking cycle was not fully defined and was not
implemented because none of the projects passed the first ranking cycle (i.e. they were
all found to be "unacceptable").
215
As stated at the beginning of this chapter, there were a few motivations for the trial run
conducted in this chapter:
1. Two underlying theories of the proposed methodology are that (1) approaching
the process in a systematic manner is beneficial, and (2) the insights gained by
applying the methodology are at least as valuable to the decision-making process
as the actual results of the methodology. This sample application should clarify
what is meant by "systematically approaching the process, " in case previous
discussions have failed to explain this concept sufficiently. Also, the sample
application should provide some examples of valuable insights which might be
gained from applying the methodology.
2. This trial run is also being conducted to identify any shortfalls of the proposed
methodology, or elements of the methodology which require further definition.
3. The proposed methodology was based on the case studies. The case studies
focused on TIP and SIP processes. However, the proposed "Prioritization
Methodology" is not limited to TIP and SIP related applications. The trial run
illustrates this point by applying the methodology to a situation not directly
related to the TIP or SIP.
Hopefully, this sample application has managed to do these things: clarify what is meant
by "systematically approaching the process," provide some examples of the insights
gained by applying the methodology, demonstrate that the methodology is broadly
applicable, and identify some of the methodology's shortfalls. In terms of "identifying the
methodology's shortfalls", this chapter brought forth one major shortfall.
Namely, it became apparent from this trial run that all five steps of the methodology are
interdependent, and therefore they should all be answered at least vaguely before investing
extensive time in analysis. Although the trial run did do this (i.e. run through all 5 steps of
the "Prioritization Methodology" before investing extensive time in analysis), the
"Prioritization Methodology" does not clearly specify the need to do this or how to do
this. Thus, an amendment to the proposed methodology is suggested by this chapter. In
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particular, a sixth and a seventh step could be included in the proposed methodology so
that the entire methodology would now have the following form:
1. Choose which criteria to consider.
2. Consider which measures best indicate a project's ability to meet these
criteria.
3. Consider which analysis method should be used to estimate the value of
these measures.
4. Consider the relative weight or importance of the criteria identified in
Question #1.
5. Consider which method(s) could develop the "best" relative ranking of
projects or options based on the above analysis (i.e. the analysis discussed in
Steps 1 through 4.) Conduct ranking in cycles if appropriate.
6. Answer questions 1 through 5 in detail for the first ranking cycle. Perform
all analysis and computations for the first ranking cycle.
7. Repeat Step 6 for each subsequent ranking cycle, if the ranking cycle is still
relevant given the results of the previous ranking cycle.
The five steps of the old methodology were interdependent in the sense that the answers
to some steps influenced the answers to other steps. Table 6-2 tabulates the various
interdependencies affecting the final answer produced by the "Prioritization
Methodology." By proceeding through all five steps of the old methodology before
investing extensive time in analysis, and by considering the interdependencies amongst the
five steps, three main benefits were gained:
* The value of the numerous "other benefits" did not need to be estimated. In this
hypothetical situation, having to estimate the value of these "other benefits"
would not have increased the analysis costs drastically, since existing analysis
which had originally been developed for the PMT was being used. However, if
this were not the case, then having to estimate the value of the numerous "other
benefits would have significantly increased analysis time and costs.
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* The relative weights of these "other benefits" did not need to be estimated. It
was assumed in the hypothetical scenario, that these weights were not previously
known. Indeed, there is no reference to them in the PMT, Boston TIP, or Boston
TP. Thus, estimating these relative weights would have been fairly time
consuming and may have significantly increased the analysis costs.
* A scoring scheme for determining compliance to Criterion #3 did not have to be
developed in detail. This chapter sketched a potential scoring scheme. Defining
this or another scoring scheme in detail would have consumed additional time and
incurred additional costs.
Applying the methodology to the hypothetical situation described in this chapter did not
identify any shortfalls in the proposed methodology other than the one discussed above.
But, perhaps no shortfalls were identified because the hypothetical situation was very
simple. The situation did not deal with some of the more complex issues which arise and
which were emphasized by the thesis such as:
* packaging projects;
* tying into and capitalizing on the SIP analysis; and
* long-term vs. short-term impacts.
The case studies offered no conclusions on how to best deal with these issues, they merely
brought forth these issues and acknowledged their relevance to developing an effective
TCM program. Applying the methodology to a more complex situation might reveal its
ability to deal with these issues.
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Table 6- 2 Interdependencies Amongst the Five Steps of the "Prioritization
Methodology" Applied in this Chapter
Question 1
(Q 1)
Question 2 Question 3 Question 4
The type of measure
chosen in Q2 is a function
of the criteria specified in
Q1, but not vice versa in
this hypothetical situation.
The precision required in
the impact estimates is a
function of the criteria
which must be measured.
However, the criteria were
not chosen based on the
type of analysis which
was to be used. Thus Q3
is a function of Q1, but
not vice versa, in this
apolication.
The type of weighting
which needed to be
performed was a function
of what criteria needed to
be considered; however
the criteria considered
were not chosen based on
the relative weights of
these criteria or the ability
to estimate these weights.
Thus, Q4 was dependent
on Q1, but not vice versa.
Q1 influenced the
selection of ranking
method (i.e. screening
and scoring). Screening
was used in the first
ranking cycle because
Criteria 1 and 2 involved
"yes/no" answers.
Because conformity to
criterion 3 was not such a
black and white issue,
scoring was a more
suitable method than
screening for performing
ranking cycle 2.
A detailed definition of
how to measure
compliance to
Criterion 3 was not
included in Q2, but a
detailed definition of
Criteria I and 2 were
included due to the
nature of the ranking
scheme developed in
Q5. Because Criterion
3 was difficult to
define, but Criteria 1
and 2 were easy,
ranking was conducted
in two cycles (first
Criteria 1 and 2 were
considered, second
criterion 3 was
considered.
The ranking
scheme
developed in Q5
reflected the
limited
precision of the
analysis
methods chosen
in Q3. The
large gaps
between the
projects being
ranked made it
unnecessary to
produce more
precise analysis
than was
available
through the
PMT.
Q4 only partially
addressed the weighting
of criterion 3 and fully
addressed the weighting
of the first two criteria
due to the nature of the
ranking scheme
developed in Q5.
Because the weighting of
Criteria 1 and 2 was
straight forward, and
because these were the
two dominant criteria,
they were included in
the first ranking cycle,
and criterion 3 (whose
weighting was more
complicated) was
considered in the second
ranking cycle.
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Chapter 7
Summary & Conclusions
The objective of this thesis was to develop a technical analysis framework for prioritizing
TCM investments in the Boston region. The proposed technical analysis framework
attempts to structure the interaction of technical analysis and prioritization decision-
making. Namely the technical analysis framework addresses two issues underlying this
interaction:
1. Which prioritization decisions to facilitate, and
2. How technical analysis should be used to facilitate them.
However, the second of these two issues is the primary focus of this thesis. Because the
research focused on two prioritization decisions (TIP related and SIP related), only very
general conclusions could be drawn in regard to the first issue.
In order to achieve the thesis objective, two major research efforts were made. First, the
available methods for quantifying the emission and travel impacts of TCMs were surveyed.
Second, case studies of five regions with extensive TCM experience were collected. The
major conclusions from these two efforts are summarized in sections 7.1 and 7.2,
respectively.
After surveying the available methods for quantifying the impacts of TCMs, the
prioritization methods used by other regions, in addition to Boston's own planning
activities, the research suggests that transportation agencies in the Boston region are
aware of many of the issues brought forth regarding TCM prioritization and analysis.
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While the other four case study regions, like Boston, are aware of these and other issues,
the "best" framework for addressing them is not obvious; any framework must balance the
conflicting goals of accuracy, precision, and cost minimization.
Although the "best" framework for addressing the many issues surrounding TCM
prioritization is not obvious, it should be noted that Boston's manner of dealing with
these issues contrasts the approaches adopted by the other four case study regions.
Namely, Boston's approach tends to be less structured. By drawing on the approaches
found in the case studies, Chapter 5 recommends a framework for better structuring the
interaction of technical analysis with the (TCM) decision-making process in Boston.
These recommended improvements do not guarantee a better TCM program, however.
They are merely tools for making more informed decisions. The technical analysis
framework proposed in Chapter 5 is summarized by Section 7.3 of this chapter.
The main component of the proposed technical analysis framework is the "Prioritization
Methodology" developed in Section 5.4. This "Prioritization Methodology" specifies
"how exactly analysis results should be used to facilitate decision-making" (which was the
second major issue the technical analysis framework was supposed to address as was
mentioned at the start of this chapter). The proposed methodology was based on the case
studies which focused on TIP and SIP processes. However, the proposed methodology is
not limited to TIP and SIP related applications.
To illustrate this as well as other points, the methodology was given a trial run in Chapter
6. Also, this trial run was conducted in order to identify any shortfalls of the proposed
"Prioritization Methodology." The findings from the trial run conducted in Chapter 6 are
summarized in Section 7.4.
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7.1 CONCLUSIONS FROM CHAPTER 3 -QUANTIFYING THE
TRAVEL AND EMISSION IMPACTS OF TCMS
One of the main conclusions of Chapter 3 is that TCM analysis has been continuously
evolving in recent years. Some of this "evolution" has resulted in improved methods and
estimates of TCM impacts. However, this "evolution" has also resulted in a range of
methods, none of which is universally "better" than the others. Rather, some methods
better suit a given set of analysis needs than other methods do.
There are a few reasons why none of the available quantification methods is universally
"best,"109:
* Even the results of the "most accurate" methods are regarded with skepticism,
according to the literature.
* Any technical analysis framework must balance its accuracy, cost, and precision.
This is because increasing accuracy often increases cost or decreases precision.
Similarly, increasing precision may also increase cost. So the most accurate method
is not always the cheapest or the most precise.
* The ideal balance of accuracy, precision, and cost depends on the requirements of
the specific application.
Thus, while there is no universally "best" method, there might be a method (or methods)
which "best" suit the needs of a given application. The needs of a given application can be
grouped into two categories:
* Characteristics of a specific region, and
* Legislative requirements.
The "best" tool for a given application will have characteristics which match these needs.
It is a two-way matching process which determines the best method for a given application
in the sense that not only must the method suit the application, but also the application
109 Chapter 1 defined the "best" method as the method which would: maximize accuracy of the final
prioritized list, have a minimal cost, and produce sufficiently precise results.
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must suit the method. Not only does a range of quantification methods exist, but there are
also a range of application approaches. In particular, it should be noted that many region-
specifics may be altered in the long run. Regions can choose to
* acquire new data, hardware, or software
* develop a new quantification method for themselves
* reorganize their planning structure, or
* alter the role of impact estimates in the decision-making process
in order to improve the quality of their overall decision-making process. Figure 3-3
illustrated the two-way matching process which determines the best match of method and
application.
The previous discussion leads to the second main conclusion of this chapter: The
literature points out that because of their uncertainty, current quantification methods
may best serve as 'learning tools' through which the analyst familiarizes herself with the
relative effects of TCMs. This limits the potential applications of analysis results; in other
words, because of their limited accuracy, impact estimates can only contribute so much to
the decision-making process.
Just as there is little evidence to prove that impact estimates are accurate, there is also
little evidence which proves they are inaccurate. This is the third main conclusion of this
chapter. The lack of before and after monitoring, and the tendency of projects not to be
implemented as they were modeled, makes it difficult to determine how accurate
predictions are.
Although there are no conclusions regarding the ability of existing quantification methods
to accurately predict reality, some conclusions may be drawn regarding the theoretical
accuracy of the available methods. From a theoretical perspective, some methods might
produce more accurate estimates because they make a better attempt to capture the
complexities of travel behavior, and the details of travel behavior which are relevant to air
quality. Professionals experienced in the field of impact analysis, and familiar with the
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range of theoretical issues involved, suggest that, of all the available methods, regional
models have the most potential to produce accurate predictions.
Accuracy is not the only consideration when choosing a quantification method.
Sometimes other methods are more appropriate. The most appropriate method for a
given application is determined by the two-way matching process previously described and
illustrated by Figure 3-3.
The fourth and final major conclusion drawn by this chapter is that analyzing the methods
used to quantify emission and travel impacts of TCMs revealed a few basic insights
regarding the type of methods most likely to accurately estimate a TCM's impacts on
emissions. These insights were discussed fully in section 3.2. But, in summary, the travel
impacts relevant to estimating emission changes are
* change in vehicle miles traveled (VMT)
* change in speed, and
* change in trips.
Moreover it is important which portion of the vehicle fleet is affected (i.e. high-emission
vehicles or low-emission vehicles), whether the changes in trips affect "hot-started" or
"cold-started"110 trips, as well as other such details.
The relationships between travel and emission categories are illustrated by Figure 7-1
(which was originally included as Figure 3-1 and discussed in Section 3.2.2). A report
prepared by Sierra Research, Inc. and JHK & Associates states that a change in the
number of vehicle trips effects changes in speed and VMT.'11  Thus, changes in the
number of vehicle trips has the most potential to reduce emissions because it affects all
emission categories. Changes in trips are also a very effective means of reducing
emissions because they are the one type of travel impact which may reduce cold starts.
110 Starting an engine when it is cold produces more emissions than starting an engine when it is "warm".
11 Document No. 2, p.12.
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Starting an engine cold produces a considerable amount of emissions, compared to the
other 7 emission categories listed in Figure 7-1.
Figure 7- 1 How Travel Impacts Translate Into Emission Changes (shaded squares
indicate the presence of a relationship) 112
hot/cold hot
start running stabilized
exhaust hot soak diurnal loss exhaust crankcase refueling
trinm
speed
VMT
In addition to the above considerations, the literature emphasized some other issues that a
more accurate method should address such as:
1. Consistency within and amongst methods
2. TCM packages vs. individual TCMs
3. Regional vs. local
4. Long-term vs. short-term
5. Transportation system vs. urban system
The discussion in Chapter 3 summarized some of the issues which were highlighted in the
literature; however, estimating travel and emission impacts is a very complicated subject
consisting of many more issues than were highlighted by this thesis. The issues
highlighted by Chapter 3 are not only relevant to the choice of quantification method, but
also to the choice of prioritization method, and the organizational structure within which
analysis is conducted. Thus, the insights developed in Chapter 3 were carried into
subsequent chapters.
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112 Document No. 5, p3-6.
7.2 CONCLUSIONS FROM CHAPTER 4 - FINDINGS FROM THE
CASE STUDIES
This thesis aimed to develop a framework which structured the interaction of technical
analysis and TCM prioritization decision-making. Namely the technical analysis
framework should have addressed two issues underlying this interaction:
1. Which prioritization decisions to facilitate, and
2. How technical analysis should be used to facilitate them.
The case studies intended to explore the second issue listed above: how to use technical
analysis to facilitate TCM prioritization. They drew several conclusions in regard to this
issue. These conclusions are summarized by sections 7.2.1 through 7.2.4 of this chapter.
In the course of exploring the second issue, the case studies brought fourth the first issue:
which prioritization decisions should technical analysis be used to facilitate. Namely, from
examining the case studies it became apparent that TCM prioritization was not an isolated
event; it was a continual process which spanned many agencies, many planning
documents, and many years. It consisted of numerous "decisions." However, because
this only became apparent after the case studies were collected the case studies did not
explore the issue explicitly; the conclusions they draw in regard to the first issue are very
simple, perhaps even obvious. These are summarized in the upcoming sections (7.2.1
through 7.2.4).
Sections 7.2.1 through 7.2.4 summarize the findings from the case studies which relate to
the main objective of this thesis: developing a technical analysis framework. These
findings could be grouped into five categories:
1. Methods used to estimate the impacts of TCMs
2. Methods used to prioritize and select projects
3. Structure of project selection processes
4. Legislative requirements
5. Institutional & organizational issues
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These categories were discussed in detail by sections 4.3 through 4.7 of Chapter 4.
7.2.1 Methods Used to Estimate the Impacts of TCMs (Conclusions from
Section 4.3)
The factors which determine which quantification method is best for a given application
were discussed by Chapter 3 in detail. The discussion is summarized by Figure 3-3.
However, the case studies added some depth to this discussion. First, they expanded the
range of available methods for estimating a TCM's impacts to include qualitative methods,
not just quantitative ones. Second, they provided some "real-world" examples of the
issues raised in Chapter 3. Some of these "real-world" examples are discussed in section
4.3.2. Third, the case studies clarified the types of legislative requirements which affect
the choice of method for estimating TCM impacts.
A few issues on the subject of impact analysis arise repeatedly in the case studies: (1) how
to package TCMs in order to capture synergistic effects, (2) when to start analyzing TCM
packages, (3) analyzing measures using methods which produce comparable results, (4)
the appropriate use of detailed travel models vs. sketch planning techniques, (5) when to
invest time in conducting technical analysis, (6) the usefulness of quantified impact
estimates, (7) the importance of considering land-use impacts, and (8) sometimes
qualitative analysis is more accurate than a quantitative approach. Many of these issues
were initially brought up by Chapter 3, but the examples found in the case studies add a
new depth to the discussion as Section 4.3.2 shows.
7.2.2 Methods Used to Prioritize and Select Projects (Conclusions from
Section 4.4)
In the case studies, project rankings were derived from a mixing and matching of three
types of methods:
1. screening,
2. scoring, and
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3. raw evaluation measures.
Tables 4-4 through 4-6 summarize the examples of these methods found in the case
studies. Table 4-7 listed the examples presented in those tables, and is reprinted here as
Table 7-1.
Table 7- 1 Examples of Screening, Scoring, and Raw Evaluation Measures Found in
the Case Studies and Discussed in Section 4.4 ("X" indicates that the
case study provided an example of a given method)
Screein
Scoring
Raw Evaluation
Measures
These three methods were combined in a variety of ways to produce ranking schemes.
Namely, the case studies based project ranking on: (1) screening; (2) screening and
scoring; or (3) qualitative analysis supported by raw evaluation measure. In the
processes focused on by the case studies, project scores were never the sole criteria upon
which projects were ranked.
The case study regions used both systematic and non-systematic methods for ranking
projects. Screening and scoring schemes catered to systematic ranking processes, whereas
"raw evaluation measures" catered to non-systematic ranking processes. While screening
and scoring were more systematic than "raw evaluation measures," not all screening and
scoring schemes were equally systematic. Some screening schemes, such as Seattle's (the
one described in Table 4-4) were very vaguely specified. On the other hand, the scoring
scheme used by the San Francisco Bay Area in its TIP process (described in Table 4-5 and
Appendix S) was much more systematic.
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Thus, Section 4.4 lead to one of the major conclusions of this thesis: that some regions
have found it beneficial to use systematic ranking schemes. A second major conclusion,
related to the first major conclusion, is that a systematic ranking scheme need not be
highly quantitative or numerical. For example, at the onset of Washington, DC's project
selection process a highly systematic ranking scheme which combined screening and
scoring was used. However, this ranking scheme was based largely on qualitative analysis.
This ranking scheme is summarized in Table 4-4 and 4-5.
The third, and final, major conclusion brought forth in Section 4.4 regards the general
composition of a systematic ranking scheme. Based on the examples found in the case
studies, it may be concluded that developing a systematic ranking process generally
involves the following components:
INPUTS:
* Criteria - Choosing the criteria upon which project ranking will be based.
* Measures and Standards - Determining measures and standards which will be used to
determine if a project complies to the above criteria.
* Calculations - Determining the value (qualitatively or quantitatively) of these
measures and standards.
* Weight Criteria - Determining the relative importance of the above criteria.
"PROCESSOR":
* Choosing a ranking process such as screening; screening and scoring; or some other
method which was not found in the case studies. The ranking process should specify
what characteristics a project must have in order to obtain a particular rank. For
example, the ranking process could specify that projects which meet all of the
screening criteria are ranked as "high priority," and that all other projects are ranked as
"low priority." Or, a ranking process could specify that projects with scores between
0 and 30 are ranked as "low priority," projects with scores between 30 and 70 are
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ranked as "medium priority," and projects with scores between 70 and 100 are ranked
as "high priority."
OUTPUT:
* The output of a highly systematic ranking process not only indicates what a project's
rank is, but why it was ranked that way. For example, if a project was ranked as "low
priority" because its score was very low, this explanation should be available
somewhere in the documentation.
The components listed above are not unique to systematic ranking schemes - any ranking
scheme must contain the above inputs, outputs, and "processor." What distinguishes a
systematic approach from a non-systematic one, is how explicitly and specifically the
above components are defined. Since not all examples found in the case studies were
equally systematic, they did not all define and document the above components to the
same level of detail.
Also, it should be noted that the components listed above are not discrete, they are
interdependent. For example, it is best to choose measures whose values can be
calculated by existing methods (whether they be qualitative or quantitative methods.)
Similarly, if one criterion is much more important than any of the other criteria, the
ranking process could be defined to reflect this.
7.2.3 Structure of Project Selection Processes (Conclusions from Section
4.5)
The major conclusion brought forth by this section is that the project selection processes
focused on by the case studies often rank projects in "cycles." In other words, they
prioritize projects in stages. They begin by ranking projects roughly so as to reduce the
number of potential projects. Once the potential list of projects has been reduced to a
point at which more detailed analysis of all the remaining projects is a feasible endeavor
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(i.e. would not consume too much money and time) projects may be ranked more
precisely.
Thus, a given project selection process often makes use of several types of ranking
schemes (these were described in section 4.4) and analysis methods (these were described
in section 4.3); different ones are used at different stages of a given project selection
process. Table 4-8 provides a general description of the types of methods employed at
various stages of the processes focused on by the case studies. The table has several
implications in regard to:
1. When regions chose to use various types of ranking schemes.
2. When regions chose to perform detailed analysis.
3. When regions attempted to package TCMs.
4. How the initial set of TCMs was derived
Section 4.5 expands on these topics.
7.2.4 Legislative Requirements, Institutional Issues & Organizational
Issues (Conclusions from Sections 4.6 and 4.7)
Conclusion #1
Some distinctions between TIP and SIP processes are noted in Section 4.5. Sections 4.6
and 4.7 explain a source of these distinctions. On one level, these differences occur
because TIP and SIP processes generally occur at different stages of the TCM
prioritization process (as picture in Figure 4-1). Namely, SIP processes usually occur
prior to the "Project Development" sieve and TIP processes occur after it. Thus, the
projects being ranked at the SIP level have not yet been defined in great detail, which
limits the level of detail at which their impacts may be estimated. Also, the range and
number of TCMs being ranked at the SIP level usually far exceeds the number being
ranked at the TIP level. Although numerous projects are ranked at the TIP level, most of
these projects are not TCMs.
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Also, SIP and TIP processes must meet different requirements as regards the level and
type of detail of projects contained within them, the air quality benefits of the projects
contained within them, and the type of financial commitment imposed on the projects
contained within them. Section 4.6.2 discussed these three distinctions and their
repercussions on the structure of a project selection process, and the methods used within
the selection process.
Conclusion #2:
The decisions made at the SIP and TIP level are very critical portions of the TCM
prioritization process. The SIP process is critical because, a region is required to
implement projects included in the SIP or projects with equally great air quality benefits.
The TIP process is critical because, if projects are included in the TIP, they have been
assigned a funding source.
The SIP and TIP begin and end, respectively, the TCM prioritization process as can be
scene in Figure 4-1. All transportation projects, including TCMs, must pass through the
TIP. However, not all TCMs which pass through the TIP and are eventually implemented,
originate in the SIP. Some TCMs are committed to in Environmental Impact Statements,
and some originate in the project development process simply because they are good
transportation projects. (In addition to their air quality benefits, the other transportation
benefits of many TCMs are substantial.)
Conclusion #3:
The case studies brought forth some recurring institutional and organization themes which
were:
* Who has control over funds
* The role of elected officials, interest groups, general public, & local agencies
* Timing
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* Deadlines
* The MPO as an umbrella agency or as a central planner
These were expanded on in Section 4.7 of Chapter 4.
7.3 CONCLUSIONS FROM CHAPTER 5 - A TECHNICAL
ANALYSIS FRAMEWORK FOR THE BOSTON REGION
The objective of Chapter 5 was to draw upon the case studies (i.e. Chapter 4) and the
review of quantification methods (i.e. Chapter 3) in order to develop a technical analysis
framework for the Boston region which specified the interaction of technical analysis with
the TCM prioritization decision-making process. In particular, the framework was to
address two issues underlying the interaction:
1. Which prioritization decisions should the technical analysis facilitate?
2. How exactly should analysis results be used to facilitate decision making?
The next two subsections (5.8.1 and 5.8.2) describe the conclusions drawn in regard to
these two issues.
7.3.1 "How exactly should analysis results be used to facilitate decision
making?"
The research mainly addressed the second issue. As a result, this was the focus of the
proposed technical analysis framework and the conclusions. The main component of the
proposed technical analysis framework was the "Prioritization Methodology" developed in
Section 5.4 of Chapter 5. This prioritization methodology specifies "how exactly analysis
results should be used to facilitate decision-making."
One underlying theory of the proposed "Prioritization Methodology" is that the insights
gained by applying the methodology are just as valuable to the decision-making process
as the actual results of the methodology. The results are relevant to the decision-making
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process, but only when considered within the context of the methodology used to produce
them.
A second underlying theory of the proposed "Prioritization Methodology" is that
systematizing the interaction of technical analysis and decision-making is beneficial. A
systematic approach is desirable because it helps ensure that all projects are analyzed and
considered for priority in an equitable manner (equitable in the sense that all projects are
treated in the same manner and have the same opportunity to receive priority status.)
This "Prioritization Methodology" was based on the examples found in the case studies,
which focused on TIP and SIP related processes. However, the proposed prioritization
methodology is very general and could easily be applied to processes not related to the
TIP and SIP. In order to demonstrate the implications of this "Prioritization
Methodology" on Boston's current TCM prioritization process, it was applied to 2 critical
decisions in Boston's current TCM prioritization process:
1. Which TCMs to consider for inclusion in the SIP. The methods used by the
Clean Air Task Force were critiqued in Section 5.5.
2. Which TCMs to include in the TIP. The 1996-1998 TIP prioritization
process was critiqued in Section 5.6.
The conclusions drawn from these 2 comparisons are summarized in Table 7-2 (originally
included as Table 5-1) and by Sections 7.3.1.1 and 7.3.1.2.
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7.3.1.1 Conclusions Regarding Boston's SIP Process
Although prioritization did obviously occur during the process conducted by the Task
Force, the basis for prioritization is not always consistent with what is proposed by this
thesis as an idealized method for setting priorities. Sections 5.5.1 through 5.5.5 compared
the process conducted by the Task Force to the Prioritization Methodology which was
developed based on the case studies (presented in Section 5.4).
113 Chapter 1 defined the "best" method as the method which (1) maximized the accuracy of the final
prioritized list, (2) was the most inexpensive, and (3) was sufficiently precise.
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Summary of Proposed Prioritization Methodology
In order to structure the use of technical analysis in making a particular decision, a series
of five questions could be answered. When applied to a particular decision and set of
TCMs, this series of questions results in a prioritized list of TCMs. The sequence of
question is as follows:
1. Which criteria to consider?
2. Which measures best indicate a project's ability to meet these criteria?
3. What analysis method should be used to estimate the value of these measures?
4. What is the relative weight or importance of the criteria identified in Question #1?
5. Which method(s) could develop the "best""'13 relative ranking of projects/options based
on the above analysis (i.e. the analysis discussed in Questions 1 through 4)?
Chapter 4 describes how the case study regions chose to answer these five questions. In
addition, Chapter 3 describes, in detail, the range of answers to question #3. Both
Chapters 3 and 4 identify the factors which govern how to "best" answer each of the five
questions listed above.
Table 7- 2 Summary of Conclusions (Each cell states whether the Boston's current
process addresses the given question and specifies key details on how it
was answered.)
Question 1:
Criteria
Question 2:
Measures
Question 3:
Computing
the
Measures
Question 4:
Weighting
Criteria
Question 5:
Ranking
Projects
YES. Based recommendations on much more
than air quality, but did not consider benefits
such as mobility, accessibility, safety, and
maintenance.
NO. Not clear how compliance with certain
criteria was measured
NO. Aware of many of the issues. Not clear if
they analyzed TCM packages. Because
measures were specified only vaguely, it is
unclear what type of analysis is necessary.
NO. Did not systematically weight competing
criteria. This contrasts the methods found in
the case studies which were, in general, more
systematic.
NO. Unclear how or why recommended TCMs
were better than other TCMs. Did not use a
systematic method like scoring or screening
like some regions did
YES. The main contrast between Boston'
approach and those found in other case study
regions, is that Boston selected projects based
on a much more limited set of criteria.
YES. The criteria specified conditions under
which a project could be in compliance.
NOT APPLICABLE. Impact estimates were
not needed to determine if a project met the
specified criteria. However, extensive
analysis proceeded the TIP process.
YES. All criteria were equally important.
YES. Used a screening process to rank
projects. The ranking produced was not very
precise, but was sufficiently precise.
There are some elements of the Task Force's existing methodology which could be used
to conduct the "Prioritization Methodology" proposed in Section 5.4. However, as a
whole, the Task Force did not approach its task in the manner the "Prioritization
Methodology" encourages. In order to use the "Prioritization Methodology," the Task
Force would have to enhance its existing methodology as was discussed. Also, it would
have to approach its task in a more systematic and explicit manner.
7.3.1.2 Conclusions Regarding Boston's TIP Process
Boston's existing TIP process conducts all of the five-steps outlined by the proposed
"Prioritization Methodology." The main contrast between Boston's approach and those
found in other case study regions, is that Boston selected projects based on a much more
limited set of criteria. Most other regions included criteria related directly to a project's
benefits, while Boston did not. For example, Boston did not explicitly consider benefits
such as mobility, accessibility, safety, or maintenance when prioritizing project proposals.
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SIP TIP
It is unclear, however, if Boston should follow the lead of these other regions, and revise
its process to include a broader range of criteria. It is unclear because in Boston most
prioritization decisions are made pre-TIP; the project's which are proposed for inclusion
in the TIP generally match the available funding which implies one of two things:
* either that some major "prioritization" occurs prior to TIP programming
decisions, or
* that it is so clear which (types of) projects the TIP programming process will
prioritize, that sponsoring agencies 1 4 do not find it worthwhile to invest time in
developing alternative/additional project proposals.
Including a broader range of criteria would be of no use if project proposals continue to
match the available funding.
However, some of Boston's transportation planners believe that developing a broader
range of criteria, and ensuring project sponsors that projects meeting these criteria would
receive a fair chance of receiving funding - might provide sufficient motivation for project
sponsors to develop a broader set of project proposals. This is one issue which stimulated
recent attempts to restructure Boston's TIP prioritization process. The main benefit of
stimulating a more competitive TIP prioritization process is that the quality of project
proposals might increase. A higher "quality" set of projects would be more cost-effective
(i.e. cost-effective in the sense that it would fulfill more of the region's transportation
needs for the same cost of a lower "quality" set of projects.)
Another major stimulus for revising Boston's existing TIP structure is related to the
Central Artery/ Tunnel (CA/T) project. As was described in Section 5.6.5, if the CA/T
exceeds its expected budget, then a more precise ranking scheme will be needed in order
to decide which projects are most worth funding.
114 Every project proposed for inclusion in the TIP is proposed by a sponsoring agency.
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Another major conclusion regards the treatment of SIP TCM commitments in the TIP
ranking scheme. In the current TIP ranking scheme, TCMs are given priority if they are
included in the SIP. However, as noted in Chapter 3, a TCM's effectiveness is dependent
largely on how the transportation system, as a whole, is developed. Thus, if limited
funding results in a transportation program different than the one assumed when the SIP
commitments were originally made, the value and effectiveness of these SIP commitments
should be re-assessed. Perhaps in the context of the new transportation program another
set of TCMs would be more effective than the ones originally committed to.
7.3.2 "Which Decisions the Technical Analysis Should Facilitate"
At the beginning of this section (Section 7.3) it was stated that the proposed technical
analysis framework aimed to address two issues:
1. Which prioritization decisions should the technical analysis facilitate.
2. How exactly should analysis results be used to facilitate decision making?
Although the thesis focused on the second of the two issues listed above, some
conclusions related to the first issue were formed as well. These conclusions are listed
below:
The TIP and SIP processes are two very critical decisions of the TCM prioritization
process. They are critical because including projects in these documents commits a
region to implementing them. For example, if a region does not fulfill its SIP
commitments, sanctions may be imposed on the region by the federal government.
Many regions have focused attention on prioritizing projects systematically before
deciding which projects to include in these two documents, the SIP and TIP. Boston
might consider systematizing their TIP and SIP processes further, and a methodology
for doing so was developed in sections 5.4 through 5.6.
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between the programming of the TIP and the development of the SIP, are also
important. This is especially true in Boston since most prioritization decisions are
made pre-TIP; the project's which are proposed for inclusion in the TIP generally
match the available funding.
There was one issue brought forth by both Boston and the other four case studies,
which neither addressed fully: TCMs which reduce emissions greatly in the long-run
must change travel behavior (e.g. change the number of trips, the number of vehicel
miles traveled, or the speed of travel.) A web of factors govern an individual's travel
behavior. Considering this web of factors when prioritizing TCMs involves a high
degree of coordination amongst transportation agencies, as well as other public
agencies, developers, politicians, businesses, and private citizens. In order to facilitate
this high level of coordination, the technical analysis could be used to streamline and
tie the various prioritization decisions together. A method for doing this was
formulated in Section 5.7.
7.4 CONCLUSIONS FROM CHAPTER 6 - TRIAL RUN OF THE
PROPOSED PRIORITIZATION METHODOLOGY
Chapter 6 brought forth one major shortfall of the "Prioritization Methodology" proposed
in Chapter 5. Namely, it became apparent from the trial run conducted in Chapter 6, that
all five steps of the methodology are interdependent, and therefore they should all be
answered at least vaguely before investing extensive time in analysis. Although the trial
run did do this (i.e. run through all 5 steps of the "Prioritization Methodology" before
investing extensive time in analysis), the "Prioritization Methodology" does not clearly
specify the need to do this or how to do this. Thus, an amendment to the proposed
methodology is suggested by Chapter 6. In particular, a sixth and a seventh step could be
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included in the proposed methodology so that the entire methodology would now have the
following form:
Revised Prioritization Methodology
1. Choose which criteria to consider.
2. Consider which measures best indicate a project's ability to meet these criteria.
3. Consider which analysis method should be used to estimate the value of these
measures.
4. Consider the relative weight or importance of the criteria identified in Question
#1.
5. Consider which method(s) could develop the "best" relative ranking of
projects/options based on the above analysis (i.e. the analysis discussed in
Questions 1 through 4.) Conduct ranking in cycles if appropriate.
6. Answer questions 1 through 5 in detail for the first ranking cycle. Perform all
analysis and computations for the first ranking cycle.
7. Repeat Step 6 for each subsequent ranking cycle, if the ranking cycle is still
necessary given the results of the previous ranking cycle.
irI
Applying the methodology to the hypothetical situation described in Chapter 6 did not
identify any shortfalls in the proposed methodology other than the one discussed above.
But, perhaps no shortfalls were identified because the hypothetical situation was very
simple. The situation did not deal with some of the more complex issues which arise and
which were emphasized by the thesis such as:
* packaging projects;
* tying into and capitalizing on the SIP analysis; and
* long-term vs. short-term impacts.
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The case studies offered no conclusions on how to best deal with these issues, they merely
brought forth these issues and acknowledged their relevance to developing an effective
TCM program. Applying the methodology to a more complex situation might reveal its
ability to deal with these issues. Thus, a potential next step to this thesis would involve
further testing and refining of the "Prioritization Methodology" proposed.
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APPENDIX A
Five Detailed Case Studies
Source: This Appendix is an excerpt from a companion report entitled "The
Development of TCM Programs by Regional Transportation Agencies: Assessing the
Current-State-of-Practice" listed as Document No. 44.
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2.5 How the Case Study Regions Were Selected
Extensive search of the most current literature, together with targeted telephone surveys
were used to gather information. In particular, we contacted the US Environmental
Protection Agency (USEPA), the Federal Highway Administration (FHWA), consulting
companies who had conducted similar research, and selected Metropolitan Planning
Organizations (MPO's). Also, current research on related topics was sought. A complete
list of contacts made and literature obtained is available in the bibliography.
Due to CAAA guidelines, all areas having "moderate" ozone problems, "moderate"
carbon monoxide (CO) problems, or worse, should consider including TCMs in their SIP.
1 Document No. 24, p. 64.
2 Document No. 24, p. 156.
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Appendix P describes the specific requirements imposed on ozone, CO, or PM1 o
nonattainment areas. Appendix Q lists the regions in nonattainment for those three
pollutants. The complete range of potential case studies includes all nonattainment areas.
However, not all of those areas have seriously considered, or implemented TCM's.
Research conducted by the Texas Transportation Institute identified cities which have had
experience implementing TCMs. Table 2.2 summarizes these findings. Furthermore, a
few of these areas have had particularly extensive, or unique experiences devising TCM
programs according to FHWA staff and other transportation professionals involved in
TCM analysis. Table 2-1 lists some of these regions, as well as the type and amount of
information gathered from them to date.
TABLE 2-1: Partial list of regions with significant TCM analysis experience and the
amount/type of information obtained from them.
Boston Region yes yes
State of Connecticut no no
Los Angeles, CA yes yes
Houston, TX yes no
New Jersey no incomplete
State of Pennsylvania not incomplete
Phoenix, AZ no no
Portland, OR no no
Sacramento, CA no no
Seattle, WA yes yes
San Diego, CA incomplete incomplete
San Francisco, CA yes yes
Tucson, AZ no no
Dallas-Fort Worth, TX yes yes
Washington, D.C. no yes
Of the 15 regions listed above, five were selected to be case studies presented in this
report. Each of the selected case study regions have been classified as non-attainment
areas by the USEPA. They include Boston, as well as Dallas-Fort Worth, Seattle, San
Francisco, and Washington, D.C.
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3.3 WASHINGTON, D.C.
3.3.1 WHY THIS REGION WAS INCLUDED AS A CASE STUDY
The Washington, D.C. region is designated as a "serious" nonattainment area for ozone
pollution and as "moderate" for carbon monoxide. Because of this the region had to
develop a plan to reduce emissions of volatile organic compounds (VOCs) 15% below
1990 levels. The plan had to be completed no more than three years after the 1990 CAAA
was enacted (November 15, 1993). The 15% reduction itself, had to be achieved within 6,
years of the 1990 CAAA's enactment.
The Washington, D.C. region undertook an extensive TCM analysis/ prioritization/
selection process in order to identify measures worth including in the 15% reduction plan.
The process, partially funded by FHWA, was clearly and concisely documented so that
other MPOs might benefit from Washington's experiences.'
It was primarily because of the comprehensive nature of Washington, D.C.'s experiences
and documentation that it is included as a case study. However, it is also included because
its transportation system and location are similar to Boston's. The Washington, D.C. area
has invested heavily in both its subway and roadway network. Also like Boston,
Washington, D.C. is located on the east coast.
3.3.2 BRIEF REGIONAL PROFILE
The Washington, D.C. non-attainment area covers portions of Maryland, Virginia, and the
District of Columbia. In particular, it includes the following jurisdictions: District of
Columbia; Arlington, Fairfax, Loudoun, Prince William, Stafford, Alexandria, Falls
Church, and Fairfax in Virginia; Calvert, Charles, Frederick, Montgomery, and Prince
George in Maryland. Figure 3.3-1 presents a map of the nonattainment area.
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SWashington No. 1, p. 1-5.
Figure 3.3-1: Map of Non-Attainment Are
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3.3.3. DESCRIPTION AND STATUS OF CURRENT TCM RELATED
PROGRAMS
The TCM analysis process described in this case study was followed to screen and select
TCMs for inclusion in Washington, D.C.'s 1993 SIP revision to achieve a 15% VOC
reduction. Of the nearly 200 TCMs initially identified, 159 were scored. Based on the
scoring 59 were chosen for detailed analysis and 14 TCMs were finally selected and
packaged into five groups. A complete list of the TCMs originally considered is available
in Appendix A and the 14 measures eventually selected are listed below.2
* Group 1: Public Information Campaign
Voluntary no drive days during episodes
* Group 2: Traffic Engineering/Advanced Technology
* Cash for Clunkers
Speed Limit Adherence
Construct Missing Sidewalks and Other Pedestrian Facilities
• Install Bicycle Racks and Lockers
Signals to Flashing Yellow between 12 a.m. and 5 a.m.
* Implement Advanced Transportation Management System
* Bicycle Element of the Long-Range Plan
* Right Turn on Red in D.C.
* Group 3: Employer Trip Reduction (support)
Upgrade Ride Finders
Telecommuting Centers in Outlying Areas and the District of Columbia
* Group 4: Transit and HOV Incentive
J Expand Full Park-and-Ride Lots at Rail Stations
* New Park-and-Ride Lots in vicinity of selected major intersections
* Group 5: Employee Commute Option Program (ECO)
- Employee Trip Reduction Program
The Transportation Planning Board deleted the fifth option form the list before forwarding
it to the Metropolitan Washington Air Quality Committee (MWAQC). By December 17,
1993, the MWAQC decided to include one TCM, "Right turn on red in D.C.", in the
primary group of control measures included in the SIP. The remaining measures were to
be considered for the contingency portion of the plan which had to be completed by
November 15, 1994.
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2 Washington No. 1, p. 9.
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3.3.4 ORGANIZATIONAL STRUCTURE
The states of Maryland, Virginia, and the District of Columbia all participate in the air
quality planning for the Washington, D.C. nonattainment area. The organizational
structure may best be understood through Figure 3.3-2 and the following "job
descriptions".
The Metropolitan Washington Air Quality Committee (MWAQC): One of two policy
committees, this one deals with all air quality issues.
The Transportation Planning Board (TPB): The second of the two policy committees.
This is the Metropolitan Planning Organization for Washington, D.C. It is responsible for
the development, analysis, and financial commitment of TCMs.
Traffic Mitigation Subcommittee (TMS): A subcommittee of the Technical Committee to
the TPB, this group was in charge of formulating and screening measures. The TMS was
two years old when assigned this role. Previously it had focused on congestion reduction
and other such topics. The subcommittee consists of about 40 transportation
professionals with varied backgrounds and modal experiences, as well as representatives
form environmental, citizen, and business groups. Added to the committee were
representatives from the Bicycle Technical Advisory Subcommittee, the Mid-Atlantic
Telecommuting Advisory Council, the Ride Finders Network, and the Transportation
Management Associations Group.4
3.3.5 METHODS USED TO PRIORITIZE AND SELECT PROJECTS
Process
The TCM analysis process described in this case study took one and a half years to
complete. A sequence of five phases comprise the overall process which culminated in the
proposal of 14 TCMs to the MWAQC.
Phase I: In the first phase a list of 200 potential TCMs was compiled. The Traffic
Mitigation Subcommittee attempted to gather a comprehensive list by consulting a variety
of sources: the USEPA, FHWA, the Environmental Defense Fund, the American
Automobile Association, other parts of the country (California, Oregon), other
metropolitan areas, other parts of the immediate states involved, and local jurisdictions
(Montgomery county, MD, the City of Alexandria, VA). The list of 200 TCMs was
eventually reduced to a size of 164 without the use of any systematic scoring method.
(See appendix A for a list of the 164 TCMs)
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4 Washington No. 1, p. 5.
Phase II: Unlike phase I, phase II involved a systematic scoring procedure. First, the 164
TCMs were grouped into five categories: mobility improvements, policy/legislative
instruments, employer programs, non-work measures, and traffic operations. The TCMs
were then analyzed in terms of seven evaluation criteria which had been developed during
phase I:
1. Travel reduction potential (surrogate for emission reduction)
2. Cost (subdivided into public and private categories according to who would bear
responsibility for a measure's implementation)
3. Speed of implementation
4. Political acceptability
5. Synergistic effect
6. Cost effectiveness (a ratio of the cost divided by the travel reduction potential)
7. And other benefits (including related non-air quality gains such as revenue generation
potential, quality of life, reduction of energy demand, etc.)
Since evaluations were made before actual values for these measures were available, each
criteria was scored in a very general manner. A project was scored as "low", "medium",
or "high" in each category. Thus, a total of three points could be earned in each category
accept in those categories which received double weighting: "Cost" and "Travel
Reduction Potential".
In addition to being evaluated on this combination of qualitative and quantitative criteria, a
project could receive a "must include" vote. Given this scoring system, the list of 164
measures was distributed to all members of the subcommittee and other interested
participants for their evaluation. The results of the evaluations were tabulated and then
used to reduce the list of 164 measures to a size of 59. The selection of these 59 measures
revolved around three factors:
* a numeric score of 16 or above
* project implementable by 1996
* five or more "must include" votes
Phase III: During phase III, the 59 measures underwent quantitative testing. Eleven of
the measures involved land use changes not readily modeled by available transportation
methodologies. Their analysis was therefore delegated to the Planning Directors
Technical Advisory Committee. The other 48 measures were analyzed using a
combination of the Council of Government's mode choice model, the COMSIS TDM
model, the MOBILE emissions model, and sketch planning techniques. The next section
(3.3.6) describes these tools in more detail.
Phase IV: The eventual goal of the fourth phase was to identify which measures should
be recommended to the Technical Committee for their review and consideration. A
motley of tasks were undertaken simultaneously in order to achieve this goal. Some of the
primary efforts included:
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* The first attempt to group TCMs so as to capture potential synergistic effects.
* TCMs were being analyzed in more detail
* Information exchange and coordination amongst the Traffic Mitigation Subcommittee
and other agencies involved in developing the 15% reduction plan (not necessarily
transportation related agencies, since the transportation sector contributes only a
portion of air pollution.) Some "other agencies" include the Regional Air
Management Subcommittee, the Planning Directors Technical Advisory Committee,
COG TPB subcommittees, the Mid-Atlantic Telecommuting Advisory Council, the
Bicycle Technical Advisory Committee, the Ride Finders Network, and Transportation
Management Association Group. More on these institutional experiences will be
provided in a following section.
The attempt to package TCMs was not completed although some proposals were made.
Some groupings suggested were:
* by mode
* by date of effect and/or benefit
* by degree of difficulty or implementation
* by economic factors such as market based, combined public-private
approach, and public investment
* by underlying life style values and preferred outcomes
Since time ran short on this phase, around 40 TCMs were eventually recommended to the
TPB Committee for their consideration and decision.
Phase V. During the fifth and final phase of the process, the TPB and its various
committees would select the set of TCMs to be recommended to the MWAQC for
inclusion in the SIP. Over a period of six months policy makers, elected officials, and the
public reviewed a list of 48 control using their own criteria. The TPB Technical
Committee finally selected 14 measures and packaged them into 5 groups listed previously
in this report. The TPB eventually deleted the employee commute option from the list and
forwarded the rest to the MWAQC.
Conclusion: On December 17, 1993, the MWAQC decided to adopt one TCM, "right
turn on red in D.C.", in the primary group of control measures included in the SIP. The
remaining measures would be considered for the contingency plan whose deadline had
been extended to November 15, 1994.5
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5 Washington No. 1, p. 5-10.
3.3.6 ANALYSIS OF IMPACTS
The analysis of impacts consisted of four stages: calculation of emission reduction
potential, emission reductions, cost/cost-effectiveness, and synergistic effects. The
following sections describe each of these sections in more detail.
Methods Used to Estimate Emission Reduction Potential
Based on the scoring completed in phase II of the process, 59 measures were forwarded
to phase III for detailed analysis. All of these measures, except for the 11 which dealt
with land- use policy changes, were analyzed using a combination of four tools: the
Metropolitan Washington Council of Governments' (MWCOG) mode choice model, the
COMSIS TDM model, EPA's MOBILE emissions model (for measures that lead to
system-speed changes) , and sketch planning techniques.6 These four tools were used to
calculate the "emission reduction potential" of each measure in the form of vehicle-trip
(VT) reductions, vehicle-miles-traveled (VMT) reductions, and emission factor changes.
Results from these four tools had to be adapted to account for the following factors:
* The MWCOG modeled region is different from the non-attainment region.
* The modeling techniques used account for only home-based work trips. Survey
data suggests that approximately 40-50% of all travel has some association with
work, although it is not home-based. For instance, a chain of trips (home-
daycare-supermarket-work) on the way to/from work are all work-related
journeys, but are not "home-based" trips technically speaking.
The next few paragraphs describe the three transportation modeling techniques in more
detail:
The COG Mode Choice Model: It has a multinomial logit form and uses a market
segmentation strategy to better account for the variety of travel markets. The choice set is
two tiered. In the first tier a traveler chooses between "drive alone", "group ride", and
"transit". Having chosen the "group ride" option a traveler then chooses between a "2
person car occupancy", a "3 person", or a "4 or more person". Two models are used to
represent this two tiered choice set: a primary model and a car occupancy model. Much
more detail on the COG Mode Choice Model is available in the footnoted source.7
The TDM Evaluation Model: The model was developed by COMSIS Corporation in the
late 1980's and a public-domain version was released in late 1993 by FHWA. It is a self-
contained software package that operates on a microcomputer. It was developed to
provide quick, quantitative analysis of the travel impacts of Travel Demand Management
strategies. It enables the testing of both individual TCMs and TCM-packages (i.e. it
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6 Washington No. 1, p. 8.
7 Washington No. 1, p. 12-18.
accounts for synergistic effects). Trip tables are the general input requirement, although
surveys and other data may be needed. The model converts these inputs into impacts by a
"pivot point" technique. Essentially this involves discerning the current condition from the
modal split of the background travel data, and then projecting the change in modal split
due to the tested policies/strategies as departures from this starting point. This technique
eliminates the need to compile detailed information on starting conditions. While this is
the main strength of this method, it is also its main weakness relative to the COG Mode
Choice Model since it prevents the TDM model from providing the same level of detail.
In short, the TDM model was deemed to be a quick, reasonably accurate, interactive
"policy" tool capable of analyzing a variety of TDM strategies, some of which could not
be analyzed by the COG Mode Choice model. In particular, the model was developed to
analyze a variety of employer-based TDMs, but it can also analyze some areawide
measures such as transit improvements, HOV lanes, and a range of pricing actions. Some
TDMs which the model can analyze include:
Employer Support Measures:
* Information programs
* Employer transportation coordinators
Flexible work schedules
* Rideshare matching
* Vanpool formation and support
* Transit pass sales
* Preferential parking for HOVs
* Guaranteed ride home
* Alternate Work Schedules:
* Flexible work hours
* Staggered work hours
* Compressed work weeks
* Telecommuting
* Financial Incentives and Disincentives:
* Modal subsidies for transit, carpool or vanpool
* parking surcharges
Of the 48 TCMs analyzed in detail during phase III, several were difficult or impossible to
analyze using the regional mode choice model. The TDM model was found to be the best
way to analyze the following types of measures:
* Employer Trip Reduction Programs (measures M-41 and M-
45 to be listed later)
* Telecommuting (M-46)
* Compressed Work Weeks (M-45)
* Some Park-and-Ride (M-35 and M-39)
* Select Work-based Pricing Measures (M-07, M-19, M-49, M-
42)
* Select Regional HOV Lane Improvements (M-52)
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Sketch Planning Analysis: In the absence of pre-existing formal techniques (e.g. 4-step
model or TDM model), project-specific methodologies are devised to analyze impacts.
Because the method varies from project to project, presenting all such methods here
would be a lengthy diversion. However, an example is available in Appendix Band all
other approaches are described in document "Washington No. 1".
Methods Used to Estimate Emission Reductions
Following the calculation of the "emission reduction potentials" using the methods just
described, three stages of the technical analysis procedure remained. During the first of
the three stages, Mobile emission factors were used to convert VT, VMT, and emission
factor changes into emission reductions. The emission factors used were:
Cold Start: 2.919 grams/trip
Running: 0.551 grams/mile
Hot Soak: 1.114 grams/trip
Level of detail was compromised so that a few simplifying assumptions could be made:
* Non-travel related emissions such as spillage during transport/fueling, resting loss,
and diurnal emissions were not accounted for in this analysis.
* Unlike the conformity process which used different emission factors for each
jurisdiction and time of day, the TCM analysis used an average for the region.
However, the analysis did attempt to improve its accuracy by considering a few specifics:
* Whether the measure related only to home-based work trips or to all trips
* Whether the impact is only during the peak periods, during the off-peak periods, or
at all times
* Whether the impact was felt region-wide or only in a certain jurisdiction
How Applied to Measures
The analysis of each measure is described in detail in document "Washington No. 1".
Table 3.3-1 lists the 48 measures analyzed by transportation staff and the methodology
used for each project. Also, three sample analysis are included in Appendix B.
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Table 3.3-1: TCMs analyzed by transportation staff and methodology used for each8
I 
_ II, ~ -
MODE- TDM
NO. SHORT DESCRIPTION CHOICE EVALUATION SKETCH
MODEL MODEL
M-04 Cash for Clunkers
M-07 Mandatory Cash-Out Subsidy for Transit/HOV
M-08 Single Price Public Transit Services /
M-09 "Pollution Fee" for Gasoline-Powered Motor Vehicles
M-10 Increase Gasoline Taxes by $0.75 Per Gallon I
M-11 Congestion Pricing on LOVs (Max. 20e/mile) I
M-12 Employee Parking Space Tax Outside Metro Core ,
M-13 Employee Parking Space Tax in Metro Core /
M-14 Half price fares on feeder bus service to metroral
M-15 Graduated Tax on Vehicle Mileage /
M-16 Market-based Parking Charges for Federal Facilities I
M-17 Congestion Pricing on LOVs (Max. 10t/mile) /
M-18 Free Rail Fares Between 10am and 3pm Weekdays
M.19 Free Parking for Carpools and Vanpools I I
M-20 Congestion Price Low Occupancy Vehicles (Min /SO.10) /
M-23 Graduated Additional Vehicle Registration Fee /
M-24 °  Increased Adherence to the 55 MPH Speed Limit
M-25 Increase the Frequency of Existing Transit Service
M-26 Increase the Frequency of Commuter Rail I
M-27 Timed Transfer Service with Extensive Suburban Coverage /
M-28 Improve Pedestrian Facilities Near Rail Stations i
M.29 Provide Bicycle Racks and Lockers at All Transit Stations I
M-30 Flashing Yellow in Predominant Direction, Midnight-Sam I
M-31 Highway Ramp Metering /
M-32 Increase Bus Speeds in High Volume Bus Corridors
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" Washington No. i, p. 24-25.
MODE- TOM
NO. SHORT DESCRIPTION CHOICE EVALUATION SKETCHMODEL MODEL
M-33 Develop Pedestrian/Bicycle Accees to Commercial Centers I
M-35 Build New P&R Lots Associated With HOV Facilities I
* M, Implement Advanced Transportation Management
Systems
M-37 Complete Bike Element of LRP within 10 years
M-38 Right Turn on Red throughout D.C.PAGE 107
M-39 P&R Lots Near Selected Major Highway intersections
M-41 Mandatory Employee Commute Options /
M-42 Regional Voucher Program /
M-43 Monthly Transit Passes/Regional Fare Media
M-44 On-site Employer Trip Reduction Programs I
M-45 Flexible Work Week/Four Day Work Week
M-46 Financial incentives for Telecommuting Programs
M-47 Integrated Ridesharing Measures ,
M-38 Shorter Oistances from Bus Stops to Buildings
M-49 Regional Vanpool Insurance Pool
M-50 Convenience Commercial Centers in Residential Areas
M-52 Build HOV Network in the Freeway System
M-53 Control Student Parking at High Schools I
M-54 Free Transit Passes for Students /
M-55 Employer-Provided Bicycles I
M-56 Control of Extended Idling
M-57 Restrict New Parking Construction
M-58 Telecommuting Centers in Outlying Areas ,
,- -
requires MOBILE model run
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Results
The analysis results may best be summarized by the tables 3.3-2 and 3.3-3.
Table 3.3-2: Summary Table of Transportation Impacts and Emission Reduction of
TCMs9
NO. SHORT DESCRIPTION (page #) REDCED RE E VOC REDUCED
REDUCED REDUCEO (tons/day)
M-04 Cash for Clunkers (43) N/A N/A 1.00
M-07 Mandatory Cash-Out Subsidy for Transit/HOV (44) 555.300 7,166.500 6.82
M-08 Single Price Public Transit Services (50) 129.700 2,114,700 1 86
M-09 'Pollution Fee" for Gasoline.Powered Motor Vehicles (53) 56.200 1.027.700 0.87
M-10 Increase Gasoline Taxes by $0.75 Per Gallon (56) 52.500 973.400 0 83
M.11 Congestion Pricing on LOVs (Max. 20t/mile) (60) 29,400 108.600 0 20
M-12 Employee Parking Space Tax Outside Metro Core (64) 154.500 2.063.100 1 94
M-13 Employee Parking Space Tax in Metro Core (68) 147,100 1.954.500 1 84
M-14 Half price fares on feeder bus servtce to metrorael (71) 41.600 453.200 0.46
M.15 Graduated Tax on Vehicle Mileage (74) 13,600 288.500 0.23
M-16 Market-based Parking Charges for Federal Facilities (77) 44.100 597.200 0.56
M.17 Congestion Pricing on LOVs (Max. 10c/mile) (80) 18.400 (108.600) 0.02
M.18 Free Rail Fares Between 10am and 3pm Weekdays (84) 6.300 50.900 0.06
M.19 Free Parking for Capools and Vanpools (87) 3.700 108.600 0.08
M.20 Congestion Price Low Occupancy Vehicles (Min./S0.10) (89) 3.700 (217.200) (0.121
M-23 Graduated Additional Vehicle Registration Fee (93) 60.600 1.054,100 0.91
M-24 Increased Adherence to the 55 MPH Speed Umit (97) N/A N/A 0.7
M-25 Increase the Frequency of Existing Transit Service (99) 72.100 1,153,300 1.02
M-26 Increase the Frequency of Commuter Rail (102) 8,100 221.400 0,17
M.27 Timed Transfer Service with Exten. Suburban Coverage (105) 18,900 274.500 0.25
M-26 Improve Pedestrian Facilities Near Rail Stations (108) 1.900 17.000 0.02
M-29 Provide 81ke Racks and Lockers at All Transit Stations (112) 2.000 22.800 0.02
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NO. SHORT DESCRIPTION (page o ) VT VMT VOC REDUCEDREDUCED REDUCED (tonday)
M-30 Flashng Yellow in Predominant Direction. Midnight-Sam (114) N/A NIA 0.06
M-31 Highmy Ramp Meterng (117) 0 18.300 0.01
M-32 Increase Bu Speeds in High Volume Bus Corridors (119) 4,100 49,500 0.05
M-33 Develop PedestriavnBike Access to Commercial Centers (122) 190 570 0.001
M-35 Build New P&R Lots Associated With HOV Facilities (124) (2,400) 41.600 0.015
M.36 Implement Advanced Trans. Management Systems (127) N/A N/A 0.50
M-37 Complete Bike Element of LAP within 10 years (129) 71.600 84.300 0.37
M-36 Rght Tum on Red throughout D.C. (131) N/A N/A 0.39
M-39 P&R Los Near Selected Maor Highway Intersecons (133) (730) 63.500 0.04
M-41 Mandatory Employee Commute Options (137) 415.600 6.135.000 5.60
M-42 Regional Voucher Program (140) 172.800 2.368.800 2.20
M-43 Monthly Transit Passe/Regional Fare Media (143) 45,900 597.500 0.57
M-44 On-was Employer Trip Reduction Programs (148) 95.800 1,411.600 1.28
M,45 Flexible Work Week/Four Day Work Week (140) 66200 977.300 0.89
M-46 Financial Incenmves for Telecommuting Programs (151) 62.500 868.700 0.81
M-47 Integrated Rldesharing Measures (154) 15.500 381.800 0.30
M-48 Shorter Distencs from Bus Stops to Buildings (157) 6.400 67.500 0.07
M-40 Regional Vanpool Insurance Pool (160) N/A N/A
M-60 Convenience Commnneal Centers in Residenlal Area (161) 4.770 14.310 0.03
M.52 Build HOV Network in the Freeway System (163) 34.900 684.100 0.57
M.63 Control Student Pang at High School (165) 16.000 86.000 0.12
M-64 Free Transit Plasse for Students (167) 10.000 50.000 0.07
M4 6 Employer-Provlded Bicycles (169) 4.500 13.500 0.03
4M56 Cosl of Extended Idling (171) WNA N/A 0.39
M-7 ReA New Pating Consmuction (172) 53.400 776.500 0.71
M-56 Teloommuing Centrs in Oulyng Areas (177) 19.000 1.083.400 0.74
Full emission benefits
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3.3.7 LESSONS LEARNED
Project Selection Process
The Washington, D.C. report describes some of the strengths and weaknesses of its
project selection process that are summarized below.
* The Traffic Mitigation Subcommittee was able to formulate an exhaustive list of
TCMs, select a limited number for evaluation ahead of other technical committees
dealing with stationary and point source control measures. As staff and their
consultants finished emission reduction analysis and cost estimation the subcommittee
was able to review and provide comments within a short time. The main task of the
TMS was technical advice on TCMs and it performed it admirably.
* Coordination with the various subcommittees and groups was achieved by including
the chairs/representatives in the TMS. However, this did not work all the time and
subsequent review of this policy was necessary to achieve the desired results.
* One of the strengths of the process was that it was bottom-up and an open one. Also,
non-traditional ideas were evaluated as fully as available methodology and time
permitted.
* Conversely, this degree of openness, and the length of the comprehensive list which
ensued from it, resulted in an exhaustive review, analysis, and selection process,
perhaps making it more difficult to subsequently narrow the focus, to build consensus
around the measures which would be chosen for the plan, and to reach closure. The
bottom-up process also takes an enormous amount of time which proved to be
difficult during this process.
* One of the other weaknesses of the process was the lack of a well defined set of
critical dates and outcomes which could have made clearer the interrelationship of the
different committees, their products and how they all interacted to form a final plan.
This, in turn, could have facilitated the building of consensus, and the lessening of
conflict, since conflict is likely to be inherent in any undertaking seeking to create
significantly new public policy, especially that with an attendant element of implied
social change.
* Consensus does not simply happen; it must be worked at and built - even more so
when a plan is being developed which may result in significant changes to prior
working relationships or the way in which people live. In such an instance, leadership
and vision are needed in order to bring the different plan elements and divergent public
perspectives together, as well as to avoid gridlock and acrimony. That the building of
consensus and the lessening of conflict did not occur early in the process constitute
another of its weaknesses.
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* Another element essential to the attainment of a successful plan is the immediate
initiation of an extensive public education and awareness program which clearly
identifies the costs and negative consequences of the continuation of the status quo, as
well as how initially inconvenient changes can result in reducing the undesirable
outcomes. This campaign must be aimed at the many different elements of the public at
large, as well as at key decision-makers.
* Lastly, it is important that there also be a strong linkage between the planners, and the
entities ultimately responsible for the implementation of the plan. Suggested measures
must be reviewed early on at the appropriate field levels within the respective
implementing bodies to assure that the necessary resources are available -- be they
materials, personnel, funds and/or time - so that it is realistically possible to implement
a given measure. This involves the scrutiny of suggested measures by individuals who
have command of the necessary lead-times, critical paths, and whatever else it takes to
actually provide needed support facilities and infrastructure, in order that a given
measure will be operational in time to achieve the requisite benefits."
Technical Analysis Methods
The Metropolitan Washington Council of Governments (MWCOG) also points out several
strengths/weaknesses of the technical analysis methods they used. Although the MWCOG
used the best modeling tools available, these models did have several shortcomings which
the MWCOG is in the process of eliminating. In particular,
Weaknesses:
* Analysis of measures dealing with bike and pedestrian improvements were weak due
to insufficient empirical data or surveys that could provide the basis for sketch
planning approaches to modeling air quality impacts.
* Lack of a 1996 transit network handicapped the analysis of TCMs such as M-27 and
M-32. These TCMs were analyzed using the mode-choice model which predicts the
change in mode due to the implementation of the measure. However, the analysis
could not forecast transit trip increases on specific routes.
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* For measures that impact all travel (work and non-work) the analytical methodology
used for estimating the impact on non-work travel is weak. This is true for the transit
measures such as M-25, M-32, etc., and pricing measures such as M-10, M-23, etc.,
analyzed using the mode choice or the TDM model. Using professional judgment, the
increase or decrease in non-work transit trips was estimated based on the measured
impact on home-based-work transit trips. Using an average vehicle occupancy of 1.5
for non-work trips the resulting vehicle trip and VMT reduction for the non-work trips
was estimated. This methodology was employed due to the lack of a mode choice
model capable of estimating the impacts on non-work trips. This approach produced a
conservative estimate. It estimates only the impact of mode shift from cars to transit
but does not account for trips which will be entirely eliminated or chained with other
non-work trips which could result in additional VMT and VT reduction. MWCOG is
in the process of developing models capable of handling non-work travel which will
eliminate this problem.
* For congestion pricing and other market measures:
* Distribution effects - It is likely that in the mid- and long-term, people would
shift their travel patterns in response to roadway pricing. That is, they would
tend to select housing, work, and non-work locations that allowed them to
minimize the use of priced roads. The analysis used a fixed trip table that did
not account for this, i.e. there is no land-use feed back.
* Route Choice - The MWCOG model set does not include a motorist route
choice model. The analysis of congestion pricing attempted to stimulate this
choice by converting the toll value on the priced links to a time penalty that
would effectively discourage some motorists from using those roads. This
process also assumes a single average value of travel time for the region and the
value of time for mode choice is the same as the value of time for path choice.
* Non-work effects - The MWCOG model set directly estimates non-work
vehicle trips without any sensitivity to trip cost. Thus, this tool did not permit
direct estimation of the impact on non-work trips.
* Time of day - The MWCOG model set models only daily trip-making and has
no capability to handle peak travel differently from off-peak travel, or to shift
travel from peak to off-peak periods in response to pricing or congestion. One
of the likely motorist responses to roadway pricing is to make the same trip in
the same mode on the same roadway, but at a different time of day. This was
not simulated.
* In addition to the above, in the analysis of the congestion pricing TCM no regional
traffic assignment was performed which would have allowed us to assign trips to the
priced network, which would account for the question of what happens to vehicle trips
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that are diverted from the priced roads. Instead the analysis assumed that such trips
would find capacity on adjacent roads.
Strengths:
* The COG Mode-Choice Model was calibrated using local data and the results of the
TDM model were validated against the COG Mode-Choice Model. The models were
used for analyzing a variety of TCMs that impacted travel cost or travel time. The
auto operating feature of the mode-choice model was used for analyzing measures like
gas tax, registration fee and congestion pricing.
* The availability of cold start, hot soak, and running emission factors enables the user
to analyze the impact vehicle-trip reduction and vehicle-miles of travel have on
emissions. Vehicle trip reductions play a bigger role than vehicle miles of travel in
reducing VOC.
* A methodology was developed to measure impact on work related travel (linked trips
to work) not accounted for in the home-based-work-trip tables used in the models. 12
3.3.8 SUMMARY AND CONCLUSIONS
The Washington, D.C. case study provides a detailed description of a TCM selection
process conducted to identify measures worth including in the 1993 SIP. The selection
process began by considering a broad range of TCM options (about 200) relative to the
number finally selected (about 14) and the number eventually implemented (at least 1).
The case study discusses the entire process: starting from the development of an initial list
of measures, the screening of these measures, their analysis, and the eventual
recommendation/ and selection of certain measures. The discussion stops short of
implementation and funding issues (i.e. which projects will be implemented when and
how...) The strength of the case study is its extensive treatment of analysis methods,
organizational issues, and lessons learned throughout the process.
There are several characteristics of DC's methodology worth noting:
* Scores aided the screening process, but decisions were not based exclusively on
project scores. Two other factors were also considered: "implementable by 1996" and
"five or more must include votes".
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* Systematic scoring/ranking of projects was conducted only once towards the
beginning of the process. Scores were used for screening purposes only, to help select
projects meriting detailed analysis. Since scores were assigned prior to detailed
analysis, they were based largely on qualitative studies. Also due to the lack of
accurate quantitative analysis at the time of scoring, project impacts were estimated on
a low-medium-high scale rather than a more specific numerical scale.
* Unlike Seattle, Washington, D.C. did not attempt to use the same analytical tool to
assess the impacts of all measures. Whereas Seattle used TCM Tools (or a
comparable method) to analyze all measures, Washington, D.C. used one of three
highly different methodologies. The travel model, TDM model, and sketch planning
methods used by D.C. offer different levels of detail. Also, not all measures were
analyzed by the same technical staff: the 11 measures involving land use changes and
the 48 other measures were analyzed by two different agencies. The use of several
methodologies and the involvement of multiple technical staffs raises doubt about how
comparable analytic results were. In particular, were they comparable enough to
facilitate a selection process.
* The detailed analysis results were never employed in a systematic scoring/ranking
process. The results were used primarily by transportation/planning staff to reduce a
list of 59 to a size of 40, and possibly by the board and TPB to reduce a list of 40 to a
size of 14.
* The project selection process incorporated the views of elected officials, interest
groups, and the general public. In particular, the Traffic Mitigation Subcommittee
which was in charge of formulating and screening measures, included 40
transportation professionals with varied backgrounds and modal experiences, as well
as representatives from the Bicycle Advisory Subcommittee, the Mid-Atlantic
Telecommuting Advisory Council, the Ride Finders Network, and the Transportation
Management Associations Group.
While the DC Case Study provides much detail, it also raises some questions:
* Why did DC select those 7 criteria to use in its scoring/ranking process.
* Why did they not re-score projects once detailed analysis had been conducted, and use
these scores to further trim the list.
* Were the analytical results comparable enough to facilitate a relative-ranking and
selection process.
* Was the extensive analysis/selection process described in the case study worth while,
considering that they eventually included only one of the measures (right turn on red)
in the 1993 SIP.
* What happened to the -13 measures considered for inclusion in the contingency plan.
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3.4 DALLAS-FORT WORTH:
North Central Texas Council Of Governments
3.4.1 WHY THIS REGION WAS INCLUDED AS A CASE STUDY
This case study was pursued because the Dallas-Fort Worth Metropolitan Area has an air
quality problem, has addressed it in its planning process, and has documented these
experiences well. The Dallas-Fort Worth (D-FW) area is in "moderate" nonattainment for
ozone and in attainment for CO." In order to reach attainment, they have committed to
TCMs in their SIP. Their streamlined TIP project selection process prioritizes these/ other
TCMs relative to other transportation projects.
Unlike the DC case study, this case study does not discuss the process through which they
selected TCMs for the SIP. Rather, it deals with another stage of TCM programming:
their inclusion in the TIP (the short-term, financially-constrained regional transportation
plan). It is at this stage that TCMs must be specifically defined and assigned a funding
source. Most TCMs are particularly eligible for CM/AQ funds, in addition to other
funding options. This case study focuses on the 1993 and 1995 TIP project selection
process, as well as the selection of projects for 1995 CM/AQ funding in the Dallas-Fort
Worth Metropolitan Area. It should be noted that this is only a sub-area of the North
Central Texas Region; it is "the Metropolitan Area" described in 3.4.2. Projects outside
the Metropolitan Area are included in the Statewide Transportation Improvement
Program. 14
3.4.2 BRIEF REGIONAL PROFILE
The North Central Texas Council of Governments (NCTCOG) serves a 16-county
metropolitan region centered around two urban centers: Dallas and Fort Worth. The
sixteen counties making up the region are Collin, Dallas, Denton, Ellis, Erath, Hood,
Hunt, Johnson, Kaufman, Navarro, Palo Pinto, Parker, Rockwall, Somervell, Tarrant, and
Wise. The Council has 220 members currently: 16 counties, 157 cities, 25 independent
school districts, and 22 special districts. The region served by NCTCOG covers 12,800
square miles and has a population of over 4.2 million.
Within the North Central Texas Region is the Metropolitan Area. This 4,980 square mile
area consists of all of Collin, Dallas, Denton, Rockwall, and Tarrant Counties; and
portions of Ellis, Johnson, Kaufman, and Parker Counties. Included in the Metropolitan
Area are the existing urbanized areas, as well as the contiguous area expected to be
urbanized by 2020.
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13 Interview No. 10.
14 Texas No. 4, p. 1.11.
Figure 3.4-1: Transportation and Air Quality Planning Areas 15
15 Texas No. 4, p. 1.3.
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A portion of the Metropolitan Area is in "moderate" nonattainment of ozone standards
and must reach attainment by 1996. The nonattainment area includes the counties of
Denton, Collin, Dallas, and Tarrant. Figure 3.4-1 displays the Metropolitan Area and the
nonattainment regions within it.'6
As is the case with Los Angeles, inhabitants of the Dallas-Forth Worth area are very tied
to their automobiles. Auto is the primary mode of transportation in the area and transit
facilities are being developed just recently.17
3.4.3 ORGANIZATIONAL STRUCTURE
The North Central Texas Council of Governments is a voluntary association of cities,
counties, school districts, and special districts which was established in January 1966, to
assist local governments in planning for common needs, cooperating for mutual benefit,
and coordinating for sounds regional development. NCTCOG's structure is relatively
simple; each member government appoints a voting representative from the governing
body. These voting representatives make up the General Assembly which annually elects
an 11-member Executive Board (9 local elected officials and 2 regional citizens). The
Executive Board is supported by policy development, technical advisory, and study
committees, as well as a professional staff of approximately 100 people.' 8
3.4.4 METHODS USED TO PRIORITIZE AND SELECT PROJECTS.
TIP Project Selection Process
The NCTCOG has developed a streamlined approach to programming federally funded
projects. For the 1995 TIP all federally funded projects were reviewed using this process
known as the Texas Review and Comment System (TRACS)ý process. In general, the
TRACS project review criteria are:
* Compliance with federal, State, and local laws, regulations, and
ordinances
* Consistency with State, areawide, and/or local planning goals and
objectives
* Addressing of a clearly defined need
* Study of effects on the environment
16 Texas No. 4, p. 1.11, 1.43, and cover.
17 Interview No. 10.
18 Texas No. 4, cover.
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* Identification of goals that are specific, measurable, and
achievable
* Demonstration of a feasible delivery strategy
* Contribution to a balanced delivery of services among political
subdivisions covered by the application
* Analysis of costs and benefits
* Documentation of record of the applicant 19
In order to conduct the actual project evaluation and selection, more specific criteria were
developed. The evaluation of projects for inclusion in the 1993 TIP was conducted using
a five-criteria/100-point rating system. The selection of these criteria was based on a
series of surveys conducted on transportation professionals and local elected officials in
the Dallas-Fort Worth Area. The survey presented these people with a list of 21 potential
criteria which had been based on the guidelines set by ISTEA, CAAA, and ADA. A
sample survey form listing these 21 criteria is presented in figure 3.4-2. Respondents
scored each criteria so that the total points would not exceed 100. The initial survey
reduced the list of candidate criteria to a size of 13. Further surveying produced a final list
of five criteria. These criteria and the points assigned to each one are presented in table
3.4-1.
The 1995 TIP process employed a revised version of the 1993-TIP scoring-criteria. In
particular, two scoring formats were used: one for CMAQ projects and one for Surface
Transportation Capacity Improvements/ Metropolitan Mobility/ Transit Section 9 funds.
These two scoring formats, presented in table 3.4-2 and table 3.4-3, include differing
criteria and weight common criteria's differently. For example, both factor in "current
cost effectiveness"; however, one allots this criteria 24 points while the other allots it only
20 points.
Table 3.4-1: Project Evaluation Criteria for the 1993 TIP Process20
Current Cost Effectiveness (1992) 25
Future Cost Effectiveness (2010) 20
Air Quality/ Energy Conservation 20
Project Commitment/ Local Cost Participation 20
Intermodal/ Multimodall Social Mobility 15
19 Texas No. 4, p. 1.18.
20 Texas No. 4, p. 1.30.
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Table 3.4-2: Project Evaluation Criteria for CMAQ Project Selection 2"
Local Cost Participation
Air Quality/ Energy Conservation
Congestion Management Plan/ Transportation
Control Measures
Intermodal/ Multimodal/ Social Mobility
TOTAL 100
Table 3.4-3: Project Evaluation Criteria for Transit Section 9 Programs and Surface
Transportation Programs Metropolitan Mobility Capacity Improvements 22
Current Cost Effectiveness (1992)
Future Cost Effectiveness (2010)
Air Quality/ Energy Conservation
Local Cost Participation
Intermodal/ Multimodal/ Social Mobility
TOTAL 100
21 Texas No. 4, p. 1.31.
22 Texas No. 4, p. 1.32.
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Figure 3.4-2: Transportation Criteria Survey Form23
(Please score criteria and sum to 100)
CRITERIA EXPLANATION POINTS
Safety
1992 Cost Effectiveness Travel Time Savings + Total Project Cost
2010 Cost Effectiveness Future Travel Time Savings + Total Project Cost
Air Quality
Rehabilitation/
Maintenance
Corridor Preservation Project includes actions which result in the preservation of rights-of-way for
future transportation use
Economic Development
Project Commitment Project is contained in an adopted local. regional, or State plan
Continuity/Gap
Intermodal Project A prolect or facility which provides for the interaction of two or more
transportation modes in a given area and which promotes the efficient
movement and transfer of people or goods
Multimodal Project A project or facility in a corridor other than one supporting singe-occupant
autos
Energy Conservation
Local Cost Participation The percentage of the total project costs to be funded by local funds
Social Mobility A project which provides transportation services to individuals or groups who
need some form of transportation due to an inability to utilize other forms of
transportation; this can include services to the Elderly & Disabled or
economically disadvantaged individuals
Aesthetics A transportation-related project which enhances the community appearance or
urban design; the project does not necessarily have to be one which has
specific mobility value
Congestion Prevention
Security
Multilunsdictional/
Regional Significance
Infrastructure Investment A capital prolect with a likelihooa of producing long-term economic benefits as
opposed to an operational project which only provides direct benefits for a
given short time period
Future Project Flexibility A project which permits future capacity expansion or conversion to a higher
carrying capacity mode
Implementation Schedule A project ready for construction within 12 to 24 months
_TOTAL 100
COMMITTEE COUNTY
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Once the evaluation criteria had been decided upon, methodologies for quantifying these
criteria were developed for each project type. General descriptions of these
methodologies are available in Appendix C.24
CMAQ Selection Process for the 1995 TIP
Here are some details on the CMAQ project evaluation process. Something in the range
of 1000 projects proposed by various public and private agencies were analyzed, scored,
and ranked. Accompanied by their ranking and professional opinions, the projects were
then presented to a transportation council of elected officials which made the final
selection of projects.
Each project received a score between 0 and 100 points, 100 being best. Five categories,
each worth 20 points, constituted the selection criteria:
1. Current Cost Effectiveness
2. Air Quality / Energy Conservation
3. Local Cost Participation
4. Intermodal / Multimodal / Social Mobility
5. Congestion Management Plan / Transportation Control Measures
Current Cost Effectiveness was quantified as a benefit to cost ratio. The benefits
considered were VMT and VHT reductions converted into annual dollars of travel time
savings. The cost considered was the annual cost of the project based on the design life of
the project and a capital recovery rate.
Table 3.4-4: Current Cost-Effectiveness Rating 25
0.00-0.49 0
0.50 - 0.99 3
1.00- 1.49 5
1.50- 1.99 8
2.00- 2.99 10
3.00 - 4.99 15
>=5.00 20
Air Quality / Energy Conservation was also measured as a benefit cost ratio, but having
the units of lbs/$. The cost was the annual cost of the project. Benefits included VMT
reduction from impacts such as mode shifts. Some projects which decreased VMT are
24 Texas No. 4, p. 1.29-1.39. (available in appendices)
25 Texas No. 2.
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transit improvements, HOV lanes, park-and-ride lots, travel demand incentives, and
pedestrian/bicycle facilities. Another quantified benefit was emission factor changes
resulting from impacts such as improved traffic flow, improved speeds, improved level of
service, and lower vehicle emissions. Projects such as intersection improvements,
signal/timing progression, grade separations, corridor improvements, HOV lanes, incident
detection assistance programs, response/mobility assistance programs, and alternative fuel
vehicles might cause these sorts of changes. Emission reductions were calculated by
multiplying VMT reductions by emission factors. This produced a benefit measure in units
of pounds of volatile organic compounds (VOC) reduced.26 The translation of projects
into benefits can be seen more simply through the following diagram:
Figure 3.4-3: Conversion of Project Impacts into Emission Reductions
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Table 3.4-5: Air Quality/Energy Conservation Rating 27
>=100.0
50.0- 99.99
10.0 - 49.99
5.0 - 9.99
<=4.99
Projects could also earn up to 20 points from Local Cost Participation. In order receive
CMAQ funds, the agency proposing the project must contribute at least 20 % of the total
project cost. Any contribution above the required 20 % earns the project additional
points.
Table 3.4-6: Project Commitment/Local Cost Participation28
0-20
21-25
'26-30
31-35
36-40
41-45
>-46
3
7
10
13
17
20
Projects earn either 0 or 20 points in the Intermodal / Multimodal / Social Mobility
category. Twenty points are given to projects which help goods movement or
encourage/improve non-SOV travel options, generally speaking.
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5
10
15
20
27 Texas No. 2.28 Texas No. 2.
Table 3.4-7: Intermodal/Multimodal/Social Mobility Rating 29
Automobile [Occupancy = 1
Goods Movement
Pedestrian
Bicycle
TDM
Bus Transit
Light Rail
Commuter Rail
HOV
Elderly & Disabled
Intermodal
20
The final category allows transportation control measures and projects contributing to a
congestion management plan receives additional points. For instance, projects included in
the SIP would receive additional points from this category. 30
Table 3.4-8: Congestion Management Strategies (CMS) /
Measures (TCMs) Rating 3"
Transportation Control
Is proposed project in the CMS or is it a NO 0
State Implementation Plan TCM? YES 20
Results of the CMAQ Selection Process
Some of the analysis results may be summarized in table 3.4-9. Using such results and
professional advice, the transportation council allocated CMAQ funds as is shown in table
3.4-8. Almost 60% of funds went to projects which had both "high" congestion
mitigation and "high" air quality benefits. 32 In terms of number alone, about 70 % of the
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projects finally selected were intersection and signal improvements.33 A detailed list of
CMAQ projects selected and the scores they received is available in Appendix D.
Table 3.4-8: Projects selected for CMAQ funds in the Dallas-Fort Worth3 4
Intersection Improvements
Signal Improvements
23
11
Grade Separation 14 4
HOV Lanes 55 17
Alternative Fuel Vehicles 53 16
Mobility Assistance 26 8
TDM Initiatives 6 2
Ozone Alert Discount 2 1
Transit Fare
Pedestrian/Bicycle Facilities 6 2
Transit/Park-and-Ride/Rail 31 10
Corridor Improvements 18 6
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Table 3.4-9: Summary of project rankings in terms of congestion mitigation and air
quality benefit/cost ratios35
High High signal/Intersection Improvements
(>10) (<20) HOV Lanes
Incident Detection & Response /
Mobility Assistance
Moderate Moderate Transit Improvements
(2-10) (>=20) Park & Ride Lots
Pedestrian/Bicycle Facilities
Travel Demand Management
Ozone Alert Discount Transit
Fare
High Moderate Grade Separation
Low High Alternative Fuel Vehicles
Low Low Do not fund
SIP Selection Process:
Because specific projects were not committed to in the SIP, the project selection process
was not as detailed as the CMAQ selection process. EPA and the Texas Natural Resource
Conservation Center (TNRCC) have stated that SIP commitments are not required to be
project-specific. Rather, the region must commit to an overall emission reduction target
and specific levels of implementation/activity in each TCM category. In addition, the total
emission reduction target for all categories combined must be met.36
Potential projects fell into one of several categories such as "HOV lanes", or "light rail
extension". An inventory was taken of potential projects in each category. For instance,
the total number of HOV lanes or the miles of light-rail that might be built were measured.
Then, in order to provide some room for error, only a portion (for example 75%) of these
totals were committed to in the SIP.37
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37 Interview No. 10.
3.4.5 DESCRIPTION AND STATUS OF CURRENT TCM-RELATED
PROGRAMS
Progress from 1994 TIP
TCM implementation has not occurred at an optimum pace in the Dallas-Fort Worth area,
the NCTCOG believes it has identified and overcome many obstacles to implementation.38
One proof of this is the extra points allotted to TCMs in the CMAQ project selection
process. Also, an effort was made to identify, list, and explain significant delays in major
projects scheduled in the 1994 TIP. Most projects were delayed due to funding
constraints and requirements related to a specific projects (e.g. right-of-way availability).
Some CMAQ projects did not proceed due to administrative delays (e.g. contract
concurrence between Texas DOT and local governments.) In order to ensure the timely
implementation of CMAQ and Surface Transportation Program-Metropolitan Mobility
projects in the future, a detailed monitoring system is being put in place. 39
Figure 3.4-4 summarizes those major projects implemented in the Dallas and Fort Worth
sub-regions during the 1994 TIP duration, and those projects delayed.
Commitments Made in the SIP
Figures 3.4-5, 3.4-6, and 3.4-7 list TCMs committed to in the SIP and recommended
congestion management strategies.40
Commitments Made in the 1995 TIP
Numerous projects were committed to in the TIP. (The TIP lists all of these
commitments.) Appendix D provides a detailed list of all projects in the 1995 TIP funded
by CMAQ moneys and the scores they received.
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•9 Texas No. 4, p. 1.40-1.42.
4" Texas No. 4.
Figure 3.4-4: Summary of Major Projects Implemented or Delayed During the 1994 TIP
Duration41
Dallas Subregion:
* Section 9 Transit funding
* Discount Transit Fare Program
* Ozone Alert Program
* Countywide Freeway Incident and Detection Response Program
* Alternative Fuel Vehicle Program for public sector vehicles
* U.S. 67 in Southwest Dallas County: construct four-lane freeway main lanes
* U.S. 75 from Southwestern Blvd. to Walnut Hill Lane: reconstruct and expand Central
Expressway, including both main lanes and frontage roads
* I.H. 35E at Frankfurt: construct interchange
* F.M. 2181 near I.H. 35E: widen from two to four lanes
* I.H. 35E in Denton County: two projects include reconstruction of the four-lane freeway
and resurfacing of the existing freeway
* MacArthur Blvd. in Irving: widen thoroughfare from two to six lanes
* Shady Grove at Loop 12: reconstruct existing bridge to six lanes
* U.S. 380 near S.H. 289: construct four-lane rural section
* U.S. 380 near U.S. 75: construct four- and six-lane urban section
* S.H. 5/Avenue K near Parker Rd.: widen to six-lane urban section
* S.H. 121 near S.H. 289: widen to four lanes
* Parker Road near Los Rios: widen to six-lane urban section
* F.M. 544 at F.M. 2551: intersection improvement
* F.M. 407: signal improvements
* F.M. 1171: various signal improvements near I.H. 35E
* Barrier purchased for the East R.L. Thornton HOV extension
* Electronic freeway surveillance on U.S. 75
* Signal improvements in the Fair Park, Oak Cliff, and Oak Lawn subareas
* Assorted other Congestion Mitigation and Air Quality Improvement Program projects as
shown in Appendix I
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Fort Worth Subregion:
* Section 9 Transit funding
* Alternative Fuel Vehicle Program for transit vehicles
* Freeway Incident and Detection Response Program on I.H. 20
* Regional Rideshare Program
* Discount Transit Fare Program
* Ozone Alert Program
* Phase 2 extension of S.H. 360 in South Arlington
* Widening of S.H. 360 in the southbound direction near U.S. 180
* Widening of F.M. 1709 from U.S. 377 to Keller
* U.S. 377 improvements north of I.H. 820
* Assorted other Congestion Mitigation and Air Quality Improvement Program projects as
shown in Appendix I
The following summarizes those major projects delayed in the Dallas and Fort Worth
Subregions during the 1994 Transportation Improvement Program duration
Dallas Subregion:
* Construct noise walls on S.H. 161 north and south of Belt Line Road. This project is
anticipated to go to contract in 1995.
* Replace S.H. 342 bridges at Five Mile Creek. This project is anticipated to go to
contract in 1995.
* Modify existing bridge and channel of Five Mile Creek at Loop 12. This project is
anticipated to go to contract in 1995.
* Install guide signs and lane-use signs on U.S. 75 south of I.H. 635. This project is
anticipated to go to contract in 1995.
* I.H. 45: reconstruction of existing freeway. This project was delayed due to a cost
overrun on Central Expressway and a constraint due to the District funding cap. This
project is anticipated to go to contract in 1995.
* Assorted other Congestion Mitigation and Air Quality Improvement Program projects as
shown in Appendix I
Fort Worth Subregion:
* I.H. 30/I.H. 35W Interchange: delayed due to right-of-way acquisition and a necessary
ruling from the Interstate Commerce Commission on the Fort Worth Western Railroad.
* Assorted other Congestion Mitigation and Air Quality Improvement Program projects as
shown in Appendix I
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Figure 3.4-5: TCMs for the reasonable further progress SIP 42
NOVEMBER 1993 REVISED MAY 1994
PROJECT CATEGORY IMPLEMENTATION EMISSION IMPLEMENTATION EMISSION
LEVEL REDUCTION LEVEL REDUCTION
(VOC Ibsiday) (VOC Ibslday)
1 Intersection 334 Locations 1,740 334 Locations 1.740
Improvements
2 Signal Timing/ 1.197 Locations 5.480 1.350 Locations 6.180
Progression
3 Grade Separations 2 Locations 16 2 Locations 16
4 High Occupancy Vehicle 33 Lane Miles 935 33 Lane Miles 935
Lanes
5 Transit Alternative Fuel 300 Vehicles 107 300 Vehicles 107
Vehicles
6 Nontransit Alternative 3.032 Vehicles ;780 3.032 Vehicles 180
Fuel Vehicles
7 Motorist Assistance/ 4 Corridors 394 4 Corridors 394
Incident Detection and
Response/ Freeway
Surveillance
8 Park-and-Ride Lots 2 Locations 1 30 2 Locations 10
9 Travel Demand N/A N/A N/A N/A
Management Program-
Phase I
10 Travel Demand N/A N/A N/A N/A
Management Program_
Phase II
11 Pedestnan/ Bicycle 16 miles 8 16 miles 8
Facilities
12 Commuter Rail 9 6 miles 9 9 6 miles 9
13 Light Rail 10.3 miles 240 7 9 miles 140
14 Artenal Street Roadway 763 lane miles 4.137 763 lane miles 4.137
Widenings
15 Discount Transit Fare N/A NIA N/A N/A
16 Accelerated Retirement of N/A N/A N/A N/A
Older Vehicles
17 Vehicle Impoundment Air N/A N/A N/A N/A
Quality Program
18 Tune-up and Repair of N/A N/A N/A N/A
High Emitting
Vehicles/Smog Check
19 Pass on Left Legislation/ N/A NIA N/A N/A
Enforcement
20 Reduce Empty Truck N/A N/A N/A N/A
Backhauls
TOTAL 13.876 lbs/day = 13.876 Ibs/day =
6 94 tons/day 6 94 tons/dav
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Figure 3.4-6: Implementation Levels of TCMs included in the SIP43
Category
Intersection Improvements/
Grade Separations
Signal Improvements
HOV Lanes
Alternative Fuel Vehicles
Corridor Management
Park-n-Ride Lots
Travel Demand Management
PedlBicycle Facilities
Commuter Rail
Light Rail
Arterial Street Widenings
SIP
Commitment
336 Locations
1,350 Locations
33 Lane Miles
3,332 Vehicles
4 Corridors
2 Locations
NIA
16 Miles
9.6 Miles
7.9 Miles
763 Lane Miles
Federal & State
Projects
through 1996
320 Locations'
2,188 Locations
36.7 Lane Miles
3,354 Vehicles
14 Corridors
4 Locations
15 Programs
25 Miles
9.6 Miles
7.9 Miles
1,707 Lane Miles
1Additional projects have been constructed by local agencies resultinq in no deficiency
2
Includes locally funded projects
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- Texas No. 4, p. 1.49, table 13.
Figure 3.4-7: VOC Emission Reductions of TCMs included in the SIP"
SIP Commitment
(Ibs/day)Category
Federal & State
Projects
through 1996
Intersection Improvements/
Grade Separations
Signal Improvements
HOV Lanes
Alternative Fuel Vehicles
Corridor Management
Park-n-Ride Lots
Travel Demand Management
Ped/Bicycle Facilities
Commuter Rail
Light Rail
Arterial Street Widenings
13,876 Ibs
6.94 tons
26,134 Ibs
13.07 tons
Additional projects have been constructed by local agencies resulting in no deficiency
2
Includes locally funded projects
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1,70811,756
6,180
935
287
394
30
N/A
8
9
140
4,137
7,833
1,210
0
2,023
55
941
27
9
168
212,160
Total
'4 Texas No. 4, p. 1-50, table 14.
3.4.6 ANALYSIS OF IMPACTS
Quantified results were very useful and necessary to carry out the scoring process used to
rank and prioritize potential CMAQ projects.45 Examples of assumptions and calculations
made in the CMAQ scoring process are presented in Appendix E. In particular, the
method used to score bikeways, bike storage projects, and intersection improvements are
provided.46
3.4.7 SUMMARY AND CONCLUSIONS
The case study focuses on the 1995 CMAQ scoring/ranking process, but also discusses
details of the general 1993 TIP and 1995 TIP scoring/ranking processes. D-FW employs
a streamlined TIP project selection process which focuses on scoring/ranking projects.
The case study presents much detail on the scoring framework, but not much detail on the
analytical methods used to estimate impacts.
Some unique points of this case study:
* D-FW does not base project selection solely on scores, but also considers "early
construction feasibility" and "if funding caps are violated".47
* This case study provides an example of a region having made TIP commitments it was
not fulfilling and its attempt to identify/mitigate its failings.
* D-FW found quantitative scores to be helpful in the project selection process
* final project selection was conducted by a council of elected officials
* some criteria used to score projects are based on qualitative analysis, while others are
largely based on quantitative methods.
* quantitative measures are converted into dollar values, then into benefit cost ratios,
and ultimately into point scores.
This case study also raises some questions about D-FW's TIP project-selection process:
* Within the TIP project-selection process, different criteria were used for different
funding programs. What were the reasons for choosing those criteria.
* How did they determine how many points to assign each criteria.
* Need more detail on the models used. In particular, what specific methods were used
to quantify each criteria.
* D-FW developed a methodology for each project type. Why did they not use a pre-
packaged method like TCM Tools.
0 Did their methodologies offer consistent results.
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3.5 SEATTLE
The Puget Sound Region
3.5.1 WHY THIS REGION WAS INCLUDED AS A CASE STUDY
It was recommended by an FHWA staff member involved in TCM analysis as a region
which has had significant experience with TCM analysis. This is partly because the Puget
Sound Region is in nonattainment for carbon monoxide (CO), ozone (03), and particulate
matter less than 10 microns in diameter (PM10). The EPA has classified the region as
"moderate plus" for CO and "marginal" for 03. The Seattle Duwamish River industrial
area, the Kent Valley industrial area, and the Tacoma Tideflats area were the only areas
within the region designated as nonattainment ("moderate") for PMi0.
The Puget Sound Region was also selected as a case study because of its well documented
approach to transportation-air quality planning. Also, it was selected because its
transportation system is similar to Boston, relative to cities such as Los Angeles; Seattle
has both an effective transit and a substantial roadway system.
This case study focuses on the 1995 TIP Project Review/Evaluation Process. It outlines
the entire process, but only presents details of the methodology for quantifying air quality
impacts and converting them into project scores. The detail provided on air quality
scoring is one unique feature of this case study. In addition to the discussion of TIP
project selection, the study touches on TIP conformity analysis and TCMs included in the
SIP. The discussion of TIP conformity is another unique feature of this case study.
3.5.2 BRIEF REGIONAL PROFILE
The Central Puget Sound Region includes four counties: Kitsap, Snohomish, King, and
Pierce. Figure 3.5-1 describes the regional size and the location of nonattainment areas.
King's County which contains Seattle has the largest population of the four counties.
However, the forecasted population and employment increase in King's County is the
smallest of the four counties'. Table 3.5-1 lists the population and number of employed
persons living in the region and forecasted to live in the region.
The region has developed several transportation modes. It has invested in 16,000 miles of
road, a fleet of more than 2000 transit buses, 90 park-and-ride lots, 27 transit centers, a
fleet of over 15 ferry boats, and 13 ferry terminals.48 In terms of freight transportation,
the region contains two major container handling ports in Seattle and Tacoma. Freight
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48 Seattle No. 6, p. 2.
traffic through these two ports as well as through Sea-Tac International Airport, have
been and are expected to continue growing.49
Within the Puget Sound Region transit is considered a viable option and the bus system
could be considered popular. This is apparent in public actions since transit accounts for
about 40% of travel in downtown Seattle. However, transit plays a much more subdued
role in suburban transportation. The regions receptiveness to transit is also expressed in
its policies. Although voters recently turned down a transit project due to its high price
tag, another project will soon be voted on. Also, the state of Washington has a Growth
Management Act which helps regions recognize the need to focus population growth in
urban centers and to preserve rural areas.5o
Seattle's HOV system is one component of its transportation network which requires
completion. The existing HOV system receives high priority and is well used. For
instance, HOV lanes in the downtown core often operate at capacity during the p.m. peak.
Thus, the PSRC may increase the required vehicle occupancy from 2-or-more-persons to
3-or-more so that more people (and fewer cars) can benefit from it. Only one HOV lane
in the Seattle area currently requires 3-or-more persons per vehicle. The high volumes on
this roadway may be attributed to large employers such as Microsoft located along that
route. Another interesting point concerning HOV lanes in the region is that some
commuters use them to access park-and-ride lots.5"
The Puget Sounds Regional Council finds several factors to be responsible for the region's
traffic congestion: population/employment growth, job/housing imbalance, land use
patterns, socioeconomic changes, automobile preference, declining share of trips by
transit, major growth in freight/goods movement, subsidized automobile use, and funding
barriers to multimodal investment. Trends in these areas will reduce the level of service
provided by the already congested system unless changes are made."2
Table 3.5-1: Current and Forecasted Employment and Population in the Puget Sound Region'"
POPULATION
%
1990 2020 change
1,507,319 2,071,663 37%
189,731 331,369 75%
586,203 897,785 53%
465,642 832,135 79%
2,748,895 4,132,952 50%
49 Seattle No. 6, p. 10.
5o Interview No. 8.
" Interview No. 9.
52 Seattle No. 6, p. 6 .
"3 Seattle No. 6, p.7.
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Figure 3.5-1: The Puget Sound Region and its Designated Nonattainment Areas54
Criteria Pollutants
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3.5.3 DESCRIPTION AND STATUS OF CURRENT TCM RELATED
PROGRAMS
The Puget Sound Regional Council did not develop an extensive TCM program because it
proved that an oxygenated fuel program coupled with an inspection/maintenance program
would bring the region into attainment. When these two programs are combined with the
new federal car performance standards, significant improvement to motor vehicle
emissions are expected. Thus, only these two programs are mentioned in the 1993 SIPs
for CO and 03.55 The SIPs also include a commitment to transportation conformity
requirements. This means "that transportation plans, programs, and projects conform to
the SIP's purpose of achieving and maintaining the national ambient air quality standards"
and that TIPs provide for the timely implementation of TCMs contained in the SIP.
Although TCMs are not needed to bring the region into attainment by the specified dates,
they are expected to play a major role during the maintenance period after 1995.
In contrast to the 1993 SIP, the 1982 SIP contains 223 transportation control measures.
Sixteen of these are programmed for the next phase of work needed to reach completion,
but the bulk, 207, of these have been completed. The 1994-1996 TIP lists the 223 TCMs.
The Regional TIP must contain all federally funded projects which have been programmed
for the next three year period. The transportation projects contained in the TIP may either
increase or decrease pollution levels so long as the net effect is not to increase pollution5 6;
in other words, the TIP must conform to the SIP's attainment goals. In order to achieve
this goal air quality is considered when scoring, ranking, and prioritizing projects.
Projects, such as TCMs, which fair well in the air quality category often find their way into
the TIP, although they are not part of an explicit '"TCM program". For instance, the just-
completed 1996-1998 TIP contains 10 CMAQ funded projects, nine of which were
amongst the highest ranked projects in terms of air quality.57
The Draft Metropolitan Transportation Plan (TP) identifies $60 billion in total regional
transportation system program needs. However, only $36 billion is expected to be
available within the region over the next 25 years unless new funding sources arise. The
region is currently concerned about funding large high-cost projects with ISTEA
discretionary funds because the region already funded a variety of smaller scale
multimodal projects with regional ISTEA discretionary funds during the 1993 TIP
process. These small scale projects typically cost between $300 and $500 thousand. In
order to address these concerns, the project selection process used to construct the 1995
TIP prioritizes larger scale "regionally significant" projects5 .
55 Interview No. 8.
56 Seattle No. 3, p. 5-7.
57 Interview No. 8.
58 Seattle No. 1, p. 4.
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3.5.4 ORGANIZATIONAL STRUCTURE
The processes described in section 3.5.5 are used by the PSRC to select projects for three
"regionally managed" federal funding programs: the Surface Transportation Program
(STP), the Congestion Management and Air Quality (CMAQ) Program, and the Federal
Transit Administration (FTA) Program. While the PSRC has retained control over a
portion of the funds, it has also delegated some control to countywide agencies to allow
them to accommodate their unique local needs. Thus, the regions and county in each
county assume responsibility for reviewing, prioritizing, and recommending for approval
to the PSRC their respective area's financially balanced transportation projects for their
share of ISTEA funds.
Unlike CMAQ and STP funds which may be used for variety of project types, FTA funds
are less flexible; they must be used for transit-related purposes. In light of this,
responsibility for FTA funded projects lies with the 5 designated transit agencies within
the region:
* Seattle/Everett Urbanized Area: Metropolitan King County
(Metro), Community Transit, and City of Everett (for their
respective portions of the urbanized area).
* Tacoma Urbanized Area: Pierce Transit
* Bremerton Urbanized Area: Kitsap Transit
These agencies are in charge of collectively prioritizing projects and then submitting them
for review to the PSRC.
In summary, the criteria used and chain of events in the project selection process depends
on who's in charge of the funds: the regional agency, a county agency, or the transit
agencies. However, in all cases the Transportation Policy Board provides final approval
of recommendations. 59 Figures 3.5-2 and 3.5-3 provide an overview of the organizational
framework within which ISTEA TIP projects are selected and reviewed.
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Figure 3.5-2: Overview of Transportation Programminge
TRANSPORTATION FUNDING PROCESS
FOR PROGRANS AND PROJECIS*
Federlnd ste Pi-rit" r oe , An1 ;.,1II
RESPONSBILITY TO RECOMMEND PROJECTS
Regionally Managed:
Priority Programming
* Surface Transportation Program (STP)
* Congestion Mitigation Air Quality (CHAQ)
* Federal Transit Authority (FTA)
--------------
Countywide Priority Programming
* Regional Option (No Mandates)
State Managed Program
* Federal: Interstate, Federal Lands, Etc.
* State Only Funds
* WSDOT New Partners
State Competitive Programs
* Surface Transportation Program (Competitive)
* Surface Transportation Program (Enhancement)
Locally Managed:
Regionally Significant Projects with Air Quality
Impacts
* Locally Sponsored and Funded Projects
PSRC
) Transportation Policy Board (TPB)
Countywide
Policy Boards
WSDOT
WSDOT
Cities. Counties, Ports,
) Transit Agencies, etc.
IPB )0,
)TPB )-
1TPB I'-
6 TPR 1-
* All programs/projects must be financially feasible, consistent with
the Regional Plan (IlP) and meet air quality requirements.
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3.5.5 METHODS USED TO PRIORITIZE AND SELECT PROJECTS
This section describes the PSRC's 1995 TIP Project Review/Evaluation Process. Because
the Puget Sounds Region has given both regional and county agencies control over certain
federal funds, they both must conduct project selection processes to allocate the funds for
which they are responsible. The following text describes guidelines followed by all
agencies, as well as specifics of the regional or county processes.
Qualitative Guidelines to be Followed by All Agencies
(i.e. both regional & county agencies)
The PSRC's 1995 TIP policy framework describes some general qualitative guidelines for
prioritizing projects. It suggests that priority be given to projects which emphasis:
* "Improved mobility within the hierarchy of designated centers
(including commercial & industrial centers) or along major corridors
connecting such centers.
* Projects that can demonstrate that they contribute to sustaining or
encouraging continued economic vitality for the region." 62
It also lists four broad categories of projects which should be encouraged and provides
generic examples of projects which would fall under each category.
* Category 1: Critical Projects that Optimize or Manage Use of Existing
Facilities/services.
* Category 2: Travel Demand Management/System Management Projects that
Address Congestion and Environmental Objectives.
* Category 3: Projects that Focus Transportation on Investments that Support
Transit and Pedestrian-Oriented Land Use Patterns.
* Category 4: Transportation Capacity Expansion Projects Offering Greater
Mobility Options63
Countywide Process
Each county may develop their own evaluation criteria so long as the Transportation
Policy Board approves of it.
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63 Seattle No. 1, p. 5.
Regional Process
The regional project review/evaluation process is two staged. In the first stage, project
sponsors submit a 2-3 page project prospectus. The Regional Project Evaluation
Committee and the Transportation Policy Board of the Regional Council put these
projects through a technical and qualitative screening process. Some of the screening
questions considered in the first stage include (taken from the 1995 Policy Framework for
PSRC's 1995 ISTEA TIP Process):
1. Does the project improve system performance? Performance can be
measured in a variety of ways, such as congestion levels for highway
projects, ridership per hour for transit, etc. Who benefits from the
improvement should be identified.
2. Does the project reduce reliance on single-occupant vehicles?
3. Does the project help sustain and promote economic vitality through
improved mobility for people or freight and goods?
4. Does the project improve or provide multimodal or intermodal access to
ports, airports, or centers?
5. Does the project support air quality goals? VMT and emissions reductions
are required by federal law for CMAQ funded projects.
6. How does the project support Growth Management Act/ Vision 2020 (long
term regional development plan) / comprehensive plans?
7. Does the project provide greater system efficiencies or effectiveness? This
may include considering improved connectivity with other elements of the
transportation system or within the same system elements for improved
person throughput. Examples: completion of the state HOV system;
identifying missing roadway links; creating improved multimodal connections
between bus, rail, ferry, and pedestrian elements.
If projects pass the screening process, they continue on to the second phase during which
they are analyzed in more detail, scored and reviewed. The policy framework identifies
several areas high priority projects should address:
* Maintenance and Preservation
* Traffic Congestion
* Safety
* Efficiency
* Accessibility
* Connectivity
* Reliability and Convenience
* Environmental Benefits
* Cost/Affordability
Air quality is one of the main categories considered when scoring certain projects. This is
particularly the case with projects competing for CMAQ funds. During the 1993 process,
air quality constituted 23% of a project's total score when dealing with CMAQ funds. It
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was suggested to increase this proportion to -33% during the 1995 process. Thus, the
remainder of this section will be devoted to discussing air quality scoring.
During the 1995 TIP process air quality impacts of proposed projects were estimated for
the year 2005. Four measures of air quality impacts were created using the TCM Tools
software package. Each of these four measures deals with "reductions". "Reductions"
refers to reductions relative to expected future impacts if the proposed project were not
implemented, and not to absolute reductions from presently observed impacts. These four
measures are:
* Vehicle trip reductions: Trip reductions provide a measure of "cold-starts" and
"warm-soaks" eliminated by each proposed project. Emissions resulting from these
trip starts and ends often comprise a substantial portion of the emissions generated
during the entire trip.
* Vehicle miles traveled (VMT) reductions: VMT reductions translate directly into
emissions reductions, and also help reduce congestion on the region's roadway's.
* Pollutant reductions in carbon monoxide (CO), ozone precursors -- hydrocarbons
(HC) and nitrogen oxides (NOx) and particulate matter (PMio): In the past years, the
region has failed to meet federal standards for carbon monoxide, ozone, and
particulate matter pollution. CO, HC, and NOx reductions can be estimated using
TCM Tools, which incorporates the EPA's MOBILE5a emissions factor model. The
PSRC's staff are working with a consultant to investigate the use of EPA's new
PART5 model, as well as other techniques, for quantifying PM10o impacts, and if
appropriate will incorporate them in the project scoring.
* Cost-effectiveness for CO, HC, NOx, and PMio reductions: TCM Tools provides
several measures of cost-effectiveness. The current analysis is based on "gross public
costs" as defined in TCM Tools. Gross public costs are comprised of the direct public
expenditures associated with implementing and maintaining a project. Other measures
of project costs which are not included in the analysis include avoided public costs,
private costs, and individual costs. Among users of TCM Tools and similar analysis
packages, there is still significant disagreement about these other cost measures based
on what costs are estimated and how they are estimated. Cost-effectiveness for PM10
will also be addressed if a methodology for quantifying PM10o emissions impacts is
identified.64
Once the analysis is completed and these four measures of impacts have been produced,
project sponsors and other interested parties are allowed to review/comment on the results
before final scores are produced. Revisions to the analysis results are accepted if sufficient
justification is provided.
64 Taken directly form Seattle No. 2, p I-2 and 1-3.
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Once all parties have agreed upon the analysis results, the above four measures are used to
score each project. Each of the four measures: 1) trip reductions, 2) VMT reductions, 3)
pollutant reductions, and 4) cost-effectiveness for pollutant reductions, receive equal
weight in the final score. Within measures (3) and (4), reductions of each pollutant carry
equal weight.
Scores within each of the four categories are tiered, since analysis results are inexact. For
instance, projects eliminating either 1,500 or 1,800 daily vehicle trips receive the same
score. Both projects receive lower scores than projects eliminating 5,000 trips and a
higher score than projects eliminating only 500 trips. Initially, the tiers are defined by
dividing the greatest observed impact by the total number of points available. These
preliminary tiers are then revised if "comparable" projects have been placed on separate
tiers, or if projects falling at the margins of each tier are not appropriately scored.65
3.5.6 ANALYSIS OF IMPACTS
Air quality and other impacts are considered during two segments of the 1995 TIP
development process.
1. During the Project Review/Evaluation Process conducted by the
PSRC, county or other agency, to select and prioritize projects.
2. During the air quality conformity analysis in which the PSRC
analyzes the combined impact of all proposed projects.
Analysis Methods Used in the Project Review/Evaluation Process
The analysis methods used during the review/evaluation process depend on the lead
agency. In particular, there is a distinction between the approach taken by regional
(PSRC) agencies, countywide agencies (King, Kitsap, Pierce, and Snohomish), and transit
agencies (who are responsible for certain FTA funds). Each countywide organization
must develop their own technical and policy criteria. Although they are not required to
use the methods adopted by the regional agency (PSRC), their methods must be approved
by the Transportation Policy Board (a regional level agency associated with the PSRC).
The regional agency (PSRC) uses a combination of qualitative and quantitative methods to
select/evaluate projects. The discussion here focuses on the analytical tools used to
produce air quality scores.
Air quality impacts are quantified using a TCM Tools software package and other
comparable methodologies. During 1993 and 1994 the regional council modified the
program originally developed for the San Diego metropolitan area to produce a TCM
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Tools software applicable in the Puget Sound region. This software package was then
distributed throughout the region and training sessions were provided by the PSRC. The
program is through the PSRC's electronic bulletin board or the PSRC's Information
Center and can be run on most IBM-compatible personal computers. It currently requires
the Lotus 1-2-3- spreadsheet software.
The TCM tools software contains three modules: travel, emissions, and cost-effectiveness.
It is programmed to model 23 pre-defined TCMs and has the ability to model a user-
defined TCM if its travel impacts are inputted. In the case of user-defined TCMs a
method comparable to TCM Tools is used to estimate travel impacts. A variety of
methods for conducting such analysis exist, and the PSRC recommended that project
sponsors conduct their own analysis and determine the best method for estimating travel
impacts of their project. Brief summaries of some sample methodologies are available in
figure 3.5-4.66 More details on TCM Tools are available in a companion report entitled,
"Documentation and Analysis of Technical Methods Currently Available for Quantifying
the Emission Effects of Transportation Control Measures".
Methods Used to Conduct the Conformity Analysis
In order to prove conformity, a region must show that projects included in the TIP do not
interfere with air quality goals. The details of this requirement are quite involved. In
essence, it entails comparing the air quality impacts of "build" and "no build" scenarios.
The "build" scenario includes regionally significant transportation projects which can be
modeled. Because the analysis is based on results from a system of models, only projects
which can be coded into the models are included in the analysis.
The system of models used to conduct the conformity analysis includes the PSRC's land
use models, PSRC's travel demand models, and EPA's MOBILE emissions factor
model.67 A detailed diagram of the modeling system used is available in figure 3.5-5. CO,
HC, and NOx emissions were calculated and compared to find that the proposed TIP did
meet conformity requirements. More specifically, emissions of each pollutant were
calculated for each link of the highway network and summed for the whole region and
each nonattainment area.
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Figure 3.5-4: Brief summaries of inputs and calculations involved in modeling selected
TCMs68
Example 1:
Targeted employer-based trip-reduction programs (TCM Tools #1)
Inputs for travel/emissions impacts: Calculations:
Number of employers targeted
Average size of employer
% peak SOV reduction
Base SOV mode share
* % of participants who switch to each mode
Average carpool vehicle occupancy
Additional inputs for cost-effectiveness:
* Hours required to review plan
Number of plans to be prepared
Public program administration costs
The number of employers and
average size of employer are used
to identify the target population.
The % peak SOV reduction and
base SOV mode share are used to
estimate the total trip reduction,
which is refined using the other
inputs. TCM Tools also
calculates changes in average
speeds due to travel impacts.
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Example 2:
Nonmotorized facility projects (City of Seattle methodology/user-defined TCM)
Inputs for travel/emissions impacts: Calculations:
Current bicycle/pedestrian commuting and non-commuting rate
Average bicycle/pedestrian commute and non-commute trip length
Average population density; length of improvement
Estimated percent increase in nonmotorized trip due to facility
Additional inputs for cost-effectiveness:
Number of feet of paths to be constructed and average construction cost
Average operation and maintenance costs.
Example 3:
Transit service expansion projects (TCM Tools #6)
Inputs for travel/emissions impact:
Increase in revenue vehicle miles
Average percent fare decrease
Percent of transit ridership increase that equals trip reduction
Additional inputs for cost-effectiveness:
Capital cost of facilities to be constructed
Purchase cost of new vehicle and number to be purchased
O&M cost per mile of transit service
Revenue per revenue mile of service
Average population density and
length of the improvement are
used to estimate the target
population. The other inputs are
used to calculate the estimated
existing base of nonmotorized
trips. and estimated travel impacts
of the project.
Calculations:
Increase in revenue vehicle miles
and average percent fare decrease
are used to estimate new transit
trips based on historical and
forecasting data. Percent of
transit ridership increase that
equals trip reduction is used to
eliminate induced trips or trips
substituted from other modes.
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Figure 3.5-5: Overview of models used by PSRC to determine conformity69
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3.5.7 SUMMARY AND CONCLUSIONS
The case study focuses on the 1995 TIP Project Review/Evaluation Process. It outlines
the entire process, but only presents details of the methodology for quantifying air quality
impacts and converting them into project scores. In addition to this discussion of TIP
project selection, the study touches on TIP conformity analysis and TCMs included in the
SIP.
Some interesting qualities of the Seattle Case Study include:
* The regional agency provided county agencies with control over certain funds to
facilitate planning for localized needs.
* The PSRC selected analysis methods which could produce comparable results, so that
the results could be used to rank projects relative to one another.
* Projects included in the TIP undergo air quality analysis twice. During the project
scoring process TCM Tools was used to derive reasonably accurate estimates of air
quality effects. However, a more detailed analysis methodology (a system of models
which addressed land, travel, and emission impacts) was used to measure the
combined air quality effects of all projects included in the TIP. The selective use of
this detailed model demonstrates how certain analysis tools suit certain needs.
* Washington State has a "Growth Management Act" which recognizes the need to
focus population growth in urban centers and to preserve rural areas.
* The 1993 SIP includes no TCMs, while the 1982 SIP contains 223. This is because
the oxygenated fuels and inspection/maintenance programs should reduce emissions
enough to bring the region into conformity. The PSRC believes TCMs will be helpful
in maintaining air quality, however, once attainment has been reached.
In addition to presenting these interesting details, the Seattle Case Study also does not
address certain issues:
* It does not provide the results of the air quality analysis/scoring conducted for the TIP
project selection process.
* It does not include the details of how the PSRC scored criteria other than "air quality".
Nor does it explain how scores in each criteria were compared (i.e. how total project
scores were derived from individual criteria scores). Also unmentioned is how project
scores are used to rank projects.
* It does not mention which projects were considered and which were eventually
selected in the regional TIP.
* It does not discuss the 223 TCMs included in the 1982 SIP and how they were
selected.
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3.6 San Francisco Bay Area (SFBA)
3.6.1 WHY THIS REGION WAS INCLUDED AS A CASE STUDY
This region was included for two primary reasons. First, the San Francisco Bay Area
resembles the Boston area. Like Boston, San Francisco's transportation system focuses
around a variety of rail systems, a bus network, roadway networks, and ports/harbors.
Also, it was recommended by FHWA staff as a region which has had significant
experience with TCM programs. The extensiveness of SFBA's experience may be due to
the additional requirements imposed by the California Clean Air Act, which regions in
other states do not have to address.
Implementation of TCMs in the SFBA is encouraged through two air quality legislation:
the California Clean Air Act (CCAA) and the federal Clean Air Act Amendments
(CAAA). State and federal standards for carbon monoxide are the same, while the state
standards are more stringent for ozone and PM10. In terms of meeting these standards, air
quality in the Bay Area has been improving over the past two decades. As of 1994, the
Metropolitan Transportation Committee (MTC), the Bay Area Air Quality Management
District (BAAQMD), and the Association of Bay Area Governments (ABAG) believed
that the region had already achieved federal standards for ozone, and awaited concurrence
from the federal EPA on this. Also, according to recent air monitoring (1994), federal
standards for CO have been attained and plans are being prepared to submit a
redesignation request to the EPA for this pollutant. 70
Officially, the SFBA is in 'moderate' nonattainment of federal CO and ozone standards.
In order to meet federal and state air requirements, the SFBA developed a Transportation
Control Measure Plan (TCMP) in 1990, amongst other actions. This case study focuses
on the 1990 TCMP.
3.6.2 BRIEF REGIONAL PROFILE
The San Francisco Bay Area consists of nine counties: San Francisco, San Mateo, Santa
Clara, Alameda, Contra Costa, Solano, Napa, Sonoma, and Marin. The rather large
region and its major transportation facilities are pictured in Figure 3.6-1. The region's
existing transportation infrastructure includes 1,400 miles of state highways, eight major
bridges, 18,000 miles of local streets and roads, and some two dozen transit operators
with more than 4,000 vehicles and 200 miles of rail.7 1 This extensive transportation
network was being used by the regions approximately 6 million residents, as of 1990.
304
70 San Francisco No. 3, p. 32-33.
71 San Francisco No. 3, p. 2.
Over the past few decades, the Bay Area's population has grown and decentralized,
causing the number of suburban centers around urban core to increase. Jobs followed the
population shift into the suburbs, creating new employment centers in central Contra
Costa, Alameda, and Santa Clara counties. Inter-regional commuting also increased as
Bay Area workers sought more affordable housing in communities outside the region.
These changing demographic patterns created more diffuse and dispersed travel patterns
for Bay Area residents. The new trips are extremely difficult for transit to serve
effectively. Thus, the trend in dispersed trip-making, in combination with rising household
incomes and vehicle ownership, has resulted in increased reliance on the automobile. 72
These trends may be communicated numerically. By 2010 the regional population should
be 7.5 million, 1.5 million more than in 1990. Unlike in previous years, births should
account for as much as 80.4% of this growth due to the diminishing share of population
growth attributable to immigration. In the case of job growth, an increase of 1.4% per
year between 1990 and 2010 is predicted. This is far less than the 2.3% per year rate that
occurred during the 1980's. Growth in person trips is also expected to slow in 1990-2010
relative to the 1980's, however it will not slow as much as other growth indicators. One
possible explanation for this is the projected continued rise in household income and
vehicle ownership. Between 1990-2010 person-trips should grow at an annual rate of 1.6,
whereas between 1980-1990 they grew at a rate of 2.2%. As a result of these
demographic changes, commute patterns will also transform between 1990 and 2010.
Figure 3.6-2 displays the current regional commute patterns and the commute patterns
expected in 2010. 7"
3.6.3 ORGANIZATIONAL STRUCTURE
The Metropolitan Transportation Commission (MTC) first convened in February 1971 to
provide comprehensive regional transportation planning and programming for the nine-
county San Francisco Bay Area. MTC actions are determined by MTC and its staff, along
with public and private agencies, public officials, and citizens. Issues and matters for
decision are referred to staff and committees for study prior to review and decision by
MTC.74 In the case of the 1990 TCMP (Transportation Control Measure Plan), much of
the analytical work and methodology development was performed by Greig Harvey.
In January of 1992, MTC formed The Bay Area Partnership. The Partnership consists of
top managers from 31 agencies responsible for moving goods and people around the
SFBA, as well as for protecting the region's environmental quality. It attempts to be non-
hierarchical and egalitarian in nature. Thus, while MTC has significant power according
to federal law, it has chosen to share this power with the many agencies responsible for
SFBA's transportation system.
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74 San Francisco No. 5, p. I-1-5.
Figure 3.6-1: Bay Area Major Transportation Facilities 75
MTC Graphs 6/294 mk
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3.6.4 DESCRIPTION AND STATUS OF CURRENT TCM RELATED
PROGRAMS
The Bay Area attributes the most significant reductions in mobile source emissions to
improvements in the internal combustion engine over the past 20 years. Due to advances
such as "tailpipe" controls, cleaner fuels, biennial Inspection and Maintenance ("smog
check") programs, cars in 1994 were about 90 percent cleaner than their counterparts of
20 years ago. The California Air Resources Board has adopted regulations that will result
in even cleaner vehicles over the coming decade. Coupled with the natural turnover in the
vehicle fleet, these regulations will continue to reduce mobile source emissions (except
PM1o) in the future. In addition, the Bay Area Air Quality Management District
(BAAQMD) and ABAG have adopted TCMs to help achieve air quality standards.77
The 1994 Regional Transportation Plan (TP) for the San Francisco Bay Area includes a
number of TCMs aimed at meeting state and federal air quality regulations. These TCMs
are listed in the Appendix G.78 The TP places priority on meeting prior commitments and
maintaining the existing Metropolitan Transportation System. In fact, it designated $70
billion of its $74 billion budget to this. Air quality attainment was assumed to be achieved
in 1997 and therefore no CMAQ funding was assumed available in 1998 and after. MTC
hopes to change federal laws so that "maintenance" areas could also receive CMAQ
funds.79
Although CMAQ funds are assumed unavailable after 1998, a number of CMAQ funded
projects are included in the 1995 TIP. Also included in the TIP are a large number of
transit and other projects which probably have air quality benefits but are funded by
sources other than CMAQ. All projects included in the TIP must undergo the MTC
Project Review Process. so (see appendix S for scoring criteria used in this process)
Although these processes exist, they are not the primary subject of this case study. They
are but one component of the San Francisco Bay Area's lengthy history with TCM-related
programs.
This case study deals with the development of the 1990 TCM Plan (TCMP). The 1990
TCMP is the MTC's proposal to the Bay Area Air Quality Management District for the
TCMs necessary to implement Clean Air Act requirements for mobile source emissions.
The plan was required input to the Air District, which was responsible for the
development and adoption of an overall plan for the Bay Area by June 1991. This was
because the California Clean Air Act required each region in the state to develop a plan for
achieving air quality standards by June 30, 1991. The 1990 TCMP was adopted by the
MTC on June 27, 1990, and revised on November 28, 1990 after a year and a half of
extensive public input.81
77 San Francisco No.3, p. 33.
78 San Francisco No. 3, p.C-1 to C-5.
79 San Francisco No. 3, p. 58.
80 San Francisco No. 5, p. I-1-6 to I-l-11, 1-4-1, and 1-4-11.
s' San Francisco No. 2, p. 2.
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The final 1990 TCMP contains two sub-plans: the Mobility package and the Contingency
Plan. Figure 3.6-3 displays this two-phased plan and the general measures included in
each. It is in the Phase 1 Mobility Plan that "reasonably available" TCMs are incorporated
into the plan. A total of 21 such TCMs are included:
1. Expand Employer Assistance Programs
2. Adopt Employer-Based Trip Reduction Ordinance
3. Improve Areawide Transit Service
4. Expedite and Expand Regional Rail Agreement
5. Improve Access to Rail
6. Improve Intercity Rail Service
7. Improve Ferry Service
8. Construct Carpool/Express Bus Lanes on Freeways
9. Improve Bicycle Access
10. Youth Transportation
11. Install Freeway Traffic Operations (TOS)
12. Improve Arterial Traffic Management
13. Reduce Transit Fares
14. Vanpool Liability Insurance
15. Provide Carpool Incentives
16. Conduct Indirect Source Review
17. Conduct Public Education
18. Zoning Plans for Higher Densities Near Transit
Stations
19. Air Quality Element for General Plans
20. Construct Demonstration Projects
21. Implement Revenue Measures82
More detail on each measure (description, implementation, and schedule) is available in
document "San Francisco No. 2".
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Figure 3.6-3: Revised (November 1990) TCM Plan83
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Implementation Support
Revenues1 SPublic education
* Regional Gas tax or equivalent increase of 14a
* Vehicle registration fee increase of $4 * Air Quality Element for city general plans
* Bridge tolls to $2.00 on all bridges Demonstration programs
* Work place parking charge of $1 * Transit I Land use integration(Backup if revenues above not approved
by Legislature) * Monng
13 San Francisco No. 2, p. 6.
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In addition to these 21 "reasonably available" TCMs, phase 1 also provides for: (1)
mobility improvements, traffic operations strategies, and user incentives, and (2) adoption
of revenue measures to implement the mobility program. The primary components of the
"mobility, traffic operations and incentives package" are displayed in table 3.6-1. Some
revenue measures which were considered as funding sources are bridge tolls, registration
fees, regional gas tax, and parking charges."
Table 3.6-1: Mobility, Traffic Operations And Incentives Package8 5
* Tr.aj· gjp p t (-otrlx bfjther·.;.rr
Rail Capital and Facility Rehabilitation
Transit Fare Subsidy and Service Increase
Transit Coordination and Information
* Com A tive (totaofthe 4below)
Ridesharing (RIDES, local agencies)
Bicycle and Pedestrian Projects
Demonstration and Public Education
Planning and Monitoring
TOTAL (of all Droiects at
82
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6
4
4
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The phase 2 Contingency Plan includes measures intended to broaden the TCMP's
approach to mobile source emission controls beyond the phase I foundation. Some
strategies suggested for consideration in the 1991 Clean Air Plan include: (1) further
improvements in the State's "Smog Check" program, (2) emission-based vehicle
registration fees, and (3) reformulated gasoline. Also included in the Contingency Plan are
some market-based pricing and parking management strategies. These pricing strategies
were left to the Contingency Plan even though they have large emission reduction
potential, because of the political and public aversion to them.86
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86 San Francisco No. 2, p. 1.
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More specifically, the projects included in the analysis of the Contingency Plan's emission
reduction potential are:
1. Regionwide Employee Parking Charge of $3.00 Per Day
2. Subsidized Transit and Ridesharing
3. Regionwide Non-employee Parking Charge of $0.01 Per Minute
4. Subsidized Off-Peak Transit
5. Gasoline Tax Increase to $2.00 Per Gallon
6. Mileage- and Smog-Based Registration Fee (average $125 per
vehicle)
7. Regionwide Congestion Pricing (LOS D)
3.6.5 METHODS USED TO PRIORITIZE AND SELECT PROJECTS
By June 1990, the Metropolitan Transportation Commission (MTC) needed to adopt a
Transportation Control Measure Plan (TCMP) to meet state air quality standards and to
demonstrate reasonable progress by the transportation sector. The preparation of an
updated TCMP entailed five steps
1. Defining a comprehensive set of possible TCMs
2. Identifying individual measures with significant emissions reduction
potential
3. Integrating feasible TCMs into a region-wide control plan (TCMP)
4. Analyzing the combined effect of measures in the TCMP
5. Assessing the institutional feasibility (social, political, and economic)
of potentially effective TCMPs.
Because the second step had only been partially completed by November 1989 and the
entire process needed to be completed by June 1990, the methods used in steps 2 through
5 had to be quick.
The MTC staff and the TCM Task Force worked jointly to accomplish the first step:
developing a list of potential TCMs. This preliminary list is available in Appendix H.87
The second step took the form of a screening methodology: individual measures were
quickly analyzed for emission control effectiveness. In most cases, the "first-cut" analysis
measured the emission reduction effectiveness of the TCM assuming that the measure
would be fully implemented in all applicable markets. Implementation issues (likely degree
of market penetration given political acceptability, institutional responsibilities, resource
requirements, etc.) would be considered in detail for the measures which showed promise
in this "optimistic", initial, "first-cut" screening. Also, more detailed quantitative analyses
would be conducted as needed.88
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3.6.6 ANALYSIS OF IMPACTS
Impacts were analyzed primarily in the second and fourth stages of the process. The
second stage entailed a quick analysis of numerous measures for screening purposes.
However, during the fourth stage, when individual TCMs had been combined into a few
control plans, a more detailed and lengthy analysis was conducted. The following two
subsections describe the analysis methods used in more detail.
Analysis Methods Used During the Second Stage - Screening
Because the entire process, including stage 2, had to be completed in about one year, the
screening methodology used had to be quick. In particular, the time constraint on this
process imposed three limitations on the methodologies available:
* Analyses needed to rely on existing tools and sources of data
* It was not practical to use the full MTC regional travel forecast
model system for screening; the full model system's application
procedures were designed for careful study of major transit and
highway alternatives rather than rapid review of a host of possible
changes to the conditions of travel.
* Even with a rapid analysis method, some judgment had to be used to
pare down the list of candidate TCMs to a subset that was both
representative of the full range and workable in the time available.8 9
Given these restrictions, Greig Harvey devised a screening methodology for the Bay Area
to use. The methodology is based on the premise that the appropriate analysis
methodology is a function of the type of effect the measure is expected to have on
travelers. He identified eight major "effect" categories, each with a preferred analysis
approach. Details of these categories are available in document "San Francisco No. 1",
but they are, in short:
1. Change Travel Times - measures which reduce travel times on high occupancy modes (e.g.
carpool lanes and increased transit frequencies) or measures which increase travel times on low
occupancy modes.
2. Change Travel Costs - some examples include (1) a surcharge for worker parking, (2) tolls for
use of congested facilities, and (3) increased fuel costs.
3. Limit Travel Options - for instance, banning single occupant autos from key facilities during a
pollution episode or creating auto restricted zones.
4. Expand Travel Options - measures such as Bay Area Rapid Transit (BART) extensions,
extending the ferry network, or increasing bus service.
5. Alter Traveler Perception - e.g. promotional activities
6. Change Vehicle Technology - e.g. modify the internal combustion engine
7. Relieve Activity Constraints - e.g. flextime and telecommuting
8. Modify Land Use - Evidence suggests that local land use regulations have kept dwelling unit
densities below levels that market forces would otherwise dictate.
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Depending on which of the above eight categories a TCM falls into, one of five available
analysis tools may be more appropriate. The five analysis tools available to the Bay Area
and appropriate for these screening purposes are:
1. Inference based on elasticities
2. STEP - a software package which implements a subset of the large model system in a
framework that is supposed to economize on human and computer resources. A
diagram of its structure is provided in figure 3.6-4.
3. LOCATE - LOCATE is a software package based in the same "sample enumeration"
concept as STEP, but also using new choice models developed for work mode choice,
auto ownership, and residential location. See figure 3.6-5 for diagram of LOCATE's
structure.
4. CHAIN - CHAIN is an ensemble of data files and software that supports detailed
studies of the Bay Area 1981 Travel Survey. It focuses on the sequence of trips made
by persons in the survey, assembling them into home-based "chains". See figure 3.6-6
for a visual descriptions. The primary use of CHAIN will be to examine the
implications of vehicle fleet strategies.
5. Inference based on case study data
A more detailed description of these five analysis tools is available in the footnoted
source." Also available in that source are examples of how the screening methodology
would be applied to a broad range of TCMs.
Analysis Methods Used During the Fourth Stage
By the fourth step ("analyzing the combined effect of measures in the TCMP") individual
TCMs had been combined into a few control plans which the full MTC regional travel
forecast model system was used to analyze. 9'
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Figure 3.6-4: Structure of Demand Models in STEP"
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Figure 3.6-5: Structure of Demand Models in LOCATE93
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Figure 3.6-6: Data Hierarchy in CHAIN9 4
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Analysis Methods Used to Estimate Cost-Effectiveness
California state law requires an analysis of the cost-effectiveness of the TCM Plan. Thus,
the cost-effectiveness of various TCMs and the Phase 1 Mobility Plan of the 1990 TCMP
were calculated. Cost-effectiveness was measured in units of $/lb and $/ton and was
derived from the following five calculations:
* Emission Reductions (pounds and tons):
Emission reductions were based on percentage reductions, in hydrocarbons (HC), for
various TCMs as estimated by Greig Harvey in the June 1990 TCM Plan or earlier
work. Daily 1997 mobile source baseline emissions were estimated using the most
recent Air Resources Board factors for cars (EMFAC 7E). Tonnage reductions were
estimated by multiplying the baseline emissions inventory by the percentage HC
reductions.
* TCM Cost:
All Costs were converted into 1997 dollars using a 4% per year inflation rate. Costs
represented one or more types of costs, depending on the particular measure, as
follows: capital costs (annualized), operating costs, maintenance costs, or consumer
out-of-pocket costs.
* Cost per Pound/Ton:
Cost per pound and per ton was determined by dividing the TCM cost by the emission
reduction estimated for that TCM.
Annual Cost:
Annual TCM costs were developed from daily cost through annualization factors
which were subjectively determined, depending on whether the measure primarily
affected weekday work trips, non-work trips, or a combination of work and non-work
trips.
* Benefits:
Cost-effectiveness estimates do not include adjustments for mobility and other benefits
provided by the TCMs such as reduced congestion, travel time savings, decreased
automobile operating costs, and energy savings.95
Results of Analysis of the 21 TCMs Included in the TCMP
Five measures of emission reductions were produced: VMT, Trips, HC, CO, NOx, and
CO2. In addition to the analysis of the 21 individual TCMs, seven TCM packages were
analyzed. These were (1) employer-based measures, (2) mobility improvements, (3)
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traffic operations management, (4) user incentives, (5) alternative revenue concepts, (6)
transit/land use integration, and (7) implementation support. Each of the 21 TCMs was
included in one of these seven packages. It should be noted that the combined effect of
the 21 TCMs was smaller than the sum over individual measures. 96
The implementation of all 21 TCMs would reduce hydrocarbon emissions by 8%, which is
27% below the 35% Air Districts' target. The 27% shortfall was assigned to the
Contingency Plan, which would be pursued if experience/additional evaluation deemed it
necessary. The analysis of the Contingency Plan implied that the proposed plan could
reduce HC emissions by about 26%. Details of the Contingency Plan analysis results ( in
terms of VMT, Trips, HC, CO, NOx, and CO 2 reductions) are available in Appendix I.97
Results of Cost-Effectiveness Estimation
The of the preliminary cost-effectiveness analysis conducted for the final 1990 TCMP are
presented in figure 3.6-7.
3.6.7 INSTITUTIONAL AND POLITICAL ISSUES
A major limitation on the MTC was their lack of direct authority to implement most
TCMs that were being proposed. Thus, MTC's proposed plan required additional
legislation and focused on the activities which could most effectively be undertaken at the
regional level by MTC and its partners.98
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Figure 3.6-7: Preliminary Cost-Effectiveness Analysis99
(in ascending order by cost/lb. and cost/Ion)
Rank TCM Cost/llb. Cost/ton Annual Cost
($'97) ($'97) ($'97)
1 Freeway incident management 23 48,000 25,662,000
2 Arterial operational improvements 41 82.000 39,265,000
3 Carpool/bus lanes 112 224,000 51.780,000
4 Carpool incentives $2/employee/day 117 234.000 15,630.000
5 Free transit 273 548,000 370,560.000
6 Vanpool liability insurance 288 576,000 2,100,000
7 Ferry service 420 840.000 6,054.000
8 Bicycle routes-signing, striping, etc. 444 888,000 250,000
9 Rail extensions 750 1,500,000 427,677,000
10 Double transit service 754 1,508.000 914,348,000
1 1 School buses 838 1,676.,000 251.505.000
1 2 Bicycle paths.new pavement 1.286 2.572,000 724,000
13 Employer trip reduction ordinance 3.443 6.886,000 2.552.000
(no $ incentive)
14 Phase I Mobility Package 108 216,000 723.800,000
Notes: 1) The calculations attribute the full cost to the air quality benefit.
whereas other benefits would also be derived.
2) Combinations of the TCMs could be expected to have synergistic
reinforcement which would increase the air quality benefits. We have
not attempted to estimate these combined effects.
3) Three TCMs.'-free transit', 'double transit service', and 'employer
trip reduction ordinance' are provided for illustration purposes and
vary from actual TCMs included in the mobility package.
"' San Francisco No. 2, p. 43.
3.6.8 SUMMARY AND CONCLUSIONS
The San Francisco case study focuses on the regional 1990 Transportation Control
Measure Plan (TCMP). It also briefly describes the 1994 TP, and the 1995 TIP. The
following discussion deals solely with the 1990 TCMP experiences.
Because it was designed to meet both state and federal air quality regulations SFBA's
TCMP has a different motivation than programs developed in other states. However, SIP-
related TCM plans (i.e. "contingency plans" or "15% reduction plans") produced by non-
Californian regions, probably bear the closest resemblance to the TCMP.
Some other points particular to this case study are worth noting
* A major limitation on the MTC was their lack of direct authority to implement
most TCMs.
* The combined effect of the 21 TCMs included the TCMP was smaller than the sum
over individual measures.
* Cost-effectiveness estimates do not factor in mobility and other non-air quality
benefits provided by TCMs.
* A number of region-specific analysis methods were used in the screening-level
analysis, rather than a pre-packaged analysis tool.
This case study provides certain details of the TCMP:
* The initial list of candidate measures.
* The final plan, its structure and the measures contained within it.
* Analysis methods used to determine impacts accurately enough so that they might
be used for screening purposes.
* Results of the detailed analysis.
However, the discussion raises a variety of questions:
* What methods (e.g. STEP, LOCATE...) correspond to each of the eight categories
(e.g. change travel times, change travel cost...)
* Do STEP, LOCATE, and the other available methodologies produce comparable
results. Was producing comparable results an issue when selecting analysis
methods.
* What were the details of the prioritization/project selection scheme.
* How exactly was the regional travel model used in the fourth phase: to compare
the impacts of TCM packages, to analyze each of the TCMs included in the TCMP
individually, or to check the combined effects of all elements of the TCM plan.
* Was a scoring system devised to help rank and select projects, or were impacts
viewed in their raw form (e.g. without converting vehicle-hour reductions into a
point score).
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3.7 BOSTON METROPOLITAN AREA
3.7.1 WHY THIS REGION WAS INCLUDED AS A CASE STUDY
Conducting a case study of Boston would provide the background needed to produce the
final objective of this research project: a methodology to be used in Boston. As a result,
this case study is more detailed than the others.
Without regard to this project's eventual objective, Boston provides an interesting case
study in the context of this report because it has had and will continue to have extensive
experience with implementing TCMs. In particular, it has made numerous TCM
commitments in order to mitigate effects of the Central Artery/Tunnel being constructed in
downtown Boston. Also, Boston has had to develop plans to meet air quality standards
because the entire Commonwealth of Massachusetts is classified as in serious non-
attainment for ozone, and nine cities in the Boston area are classified as in moderate non-
attainment for carbon monoxide. Thus, Boston has developed a plan for reducing ozone
levels by 15% and its TIP must prove conformity.10
3.7.2 BRIEF REGIONAL PROFILE
One hundred and one cities comprise the Boston Metropolitan Area, pictured in figure
3.7-1. While almost 3 million people lived in the area as of 1990, the population is
expected to decrease by about a half a percent by 2020. On the other hand the 1,110,116
households present in 1990 is expected to increase by over 11% by 2020. Likewise
employment is expected to increase by over 15% in the same time period. Table 3.7-1
presents these and other summary statistics.
A multi-modal system consisting of:
* Highway
* Transit
* Rail
* Pedestrian
* Bicycle
* Air, and
* Water
facilities accommodate the region's passenger and freight transportation needs. The
highway network, pictured in figure 3.7-2101, experiences congestion during peak hours.
In order to alleviate this problem, the Massachusetts Highway Department (MHD) has
made efforts such as transportation demand strategies (TDM), HOV lanes, park-and-ride
°ooBoston No. 1, p. 5-4.
101see appendix R.
323
lots, support to programs like CARAVAN, incident management, the "SP" program and
SmartTraveler. More detail on each of these is available in the footnoted source." 2
Table 3.7-1: Some Statistics on the Current and Forecasted Boston Metropolitan Area °0 3
Population 2,921,708 2,906,361 -0.53
Households 1,110,116 1,238,921 11.60
Employment 1,715,037 1,979,892 15.44
Transit-Person Trips 650,438 721,554 10.93
Auto-Person Trips 8,298,738 9,207,435 10.95
Highway-Vehicle Trips 7,260,463 8,524,050 17.40
Vehicle Miles 61,063,159 76,599,776 25.44
Vehicle Hours 1,963,321 2,655,798 35.27
Operating Speed (MPH) 31.10 28.84 -7.27
VOC (Kilograms) 97,949 65,174 -33.46
CO (Kilograms) 911,320 791,475 -13.15
NOx (Kilograms) 128,325 120,580 -6.04
A major component of the regions highway network is the Central Artery. A multi-billion
dollar project known as the CA/T will submerge this chunk of freeway below the city
surface, improve access to Logan Airport via the newly constructed Third Harbor Tunnel,
as well as provide many other enhancements. Boston will implement several billion dollars
worth of TCMs, transit improvements, open space, and other measures in order to
mitigate environmental repercussions of the CA/T. (see section 3.7.3 for more details on
these projects)
Four modes make up the transit network: rapid transit (including light rail), railroad, bus,
and boat. Figure 3.7-314 displays the rapid transit lines and portions of the commuter rail
system. Table 3.7-2 summarizes the size and ridership of each transit system component.
Rail services carry both passengers and freight about the Boston area. Amtrak runs four
passenger lines: the Northeast Corridor, the Inland Route, Lake Shore Limited, and the
Cape Codder. These routes are shown in figure 3.7-4. The Freight Rail Network is much
more extensive than the passenger one, as can be seen in figure 3.7-5. Two carriers
dominate the freight rail industry in Eastern Massachusetts: Conrail and the B&M (these
are the class 1 carriers).
102BOStOn No. 1, p. 6-8 to 6-10.
'
03Boston No. 1, p. 7-3.
'4see appendix R for figures 3.7-3-3.7-7.
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1°4see 
appendix R for figures 3.7-3-3.7-7.
Table 3.7-2: Size and Ridership of Various Transit System Components'0 5os
Red Line
Mattapan High Speed Line
Orange Line
Blue Line
Green Line
Bus and Trackless Trolley
Express Bus Routes
Commuter Rail
Suburban Bus
Cape Ann Transportation
Authority
Private Carrier Bus Route
Private Taxicab
Paratransit
21 miles of track, 22 stations
connects Red Line at Ashmont
to Mattapan
11 miles of track, 19 stations
6 miles, 12 stations
23 miles of track, 13 stations,
57 surface stops, 4 branches
159 bus routes, 952 buses, 38
trackless trolleys
serving 11 communities
265 miles of track, 101 stations,
11 radial lines
10 communities
20 private carriers, 34 routes
serves 51 cities with 129
MBTA vehicles and 120
contractor supplied vehicles
185,000 trips
127,000 trips
54,000 trips
189,000 trips
360,000 trips
25,300 trips
74,600 trips
1,875
6,000 trips
22,327 registered
riders
A significant portion of commuters also bike or walk to work. Excluding students and
persons under 15, about 8000 people bike and 100,000 people walk to work in the Boston
region (survey conducted in early Spring). In Cambridge, this translates into a 3.05% bike
share and 25.02% walk share. However, mode-splits in other communities are sometimes
below 1% for bike and as low as I 1% for walk.
Air transportation, like water transportation, serves both passengers and freight. The
primary airport in the Boston area is Logan Airport which is very close to the downtown.
A number of secondary airports are scattered throughout the region. (see figure 3.7-6)
Likewise, the Boston region contains several ports, only nine of which are "designated
port areas" because of their deep water and good landside access facilities. Figure 3.7-7
displays these ports. Boats also provide commuter and recreational services.
325
"o5 Boston No. I, p. 6-16 to 6-23.
Figure 3.7-1: The Boston Metropolitan Planning Organization Region" 6
''
6Boston No. 1, p. ii.
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3.7.3. DESCRIPTION AND STATUS OF CURRENT TCM RELATED
PROGRAMS
The most recent transportation plans and programs developed for the Boston region are:
* The 1996-1998 Boston Transportation Improvement Program (TIP)
* The 1993 Transportation Plan (TP) for the Boston Region
* The 1994 New Program for Mass Transportation (PMT)
* The 15% Emission Reduction Plan (part of the SIP).
Included within these programs are the various mitigation measures associated with the
Central Artery/Third Harbor Tunnel project and TCMs included in the SIP. Many of the
projects required to mitigate CA/T effects are the same projects mentioned in the SIP.
Figure 3.7-8107 lists the projects included in the 15% reduction plan (portion of the SIP)
and their predicted emission benefits. Figure 3.7-9 contains a status report on TCMs
included in the 1982 SIP.
Many of the TCMs included in the SIP or the CA/T mitigation are transit-related. (see
figure 3.7-10) It is estimated that these MBTA projects could cost about $2.1 billion
dollars.108  (see figure 3.7-11'09) If these CA/T mitigation and SIP projects are not
feasible due to adverse engineering, environmental, or economic impacts, they may be
substituted by projects offering equal or greater emission reductions." 0 The PMT points
out that nearly all SIP and CA/T service improvements have positive ridership, VMT
reduction, cost-effectiveness and air quality benefits. The only exceptions are four
projects: 'Green Line Arborway Restoration', '400 buses', 'the Newburyport commuter
rail extension', and 'two commuter boat facilities'."' Without addressing substitutions,
figure 3.7-12 provides a summary of SIP and CA/T- mitigation service-expansion projects
included in the PMT. These projects are broken down into short-term (implemented by
2000) and long-term categories. The estimated cost of these projects is around $1.6
billion dollars, and would be lower if proposed substitutions were made. (Note that this
1.6 billion is for service expansion projects only, and that other transit-related
commitments would bring the total up to the 2.1 billion cost mentioned earlier)
1"see appendix R for figures 3.7-8 and 3.7-9.
"•"Boston No. 8, p. 2-2.
""see appendix R for figures 3.7-11 and 3.7-12.
'")Boston No. 8, p. 2-3.
S'"Boston No. 8, p. 2-3.
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Figure 3.7-10: Transit-Related SIP and CA/T Mitigation Projects 1l 2
Proect SP CAT Mitiration
Old Colony Commuter Rail Restoration (underway) 4 4
Newburyport Commuter Rail Extension 4 4
Worcester Commuter Rail Extension 4 4
Lynn Station and Garage (completed) 4
North Station High Platforms (completed) 4
South Station Track 12
North Station - South Station Link Study (completed) 4
South Station Access to Red Line (completed) 4
Blue Line - Red Line Connector 4 4
Blue Line Station Modernization 4 4
Green Line Extension to Tufts 4 4
Green Line Arborway Restoration 4
Andrew Station Access (underway)
New Red Line Vehicles (underway) 4
New Orange Line Vehicles 4
South Station Bus Terminal (underway) 4
South Boston Piers Transitway 4
Washington Street Replacement Service 4
Circumferential Bus Study (underway) 4 4
400 New Buses
10,000 Additional Parking Spaces by 12/31/96 4 4
10,000 Additional Parking Spaces by 12/31/99 4 4
2 Commuter Boat Facilities (Fort Point Channel) 4
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"12Boston No. 8, p. 2-4, table 2-1.
3.7.4 ORGANIZATIONAL STRUCTURE
Transportation planning in the Boston region, in particular the TIP, is largely the
responsibility of the Boston Metropolitan Planning Organization (MPO) which consists of
six agencies. However, the Central Transportation Planning Staff (CTPS) and the Joint
Regional Transportation Committee (JRTC) also play significant roles. Unlike other
transportation planning activities, development of the transportation element of the SIP (in
particular the 15% ozone reduction plan) is done largely by the Department of
Environmental Protection (DEP). Brief descriptions of these agencies from the footnoted
document have been reprinted below."13
The six agencies comprising the MPO:
1. The Executive Office of Transportation and Construction (EOTC)
The Commonwealth of Massachusetts EOTC directs and coordinates state transportation
policy and guides the various agencies which fall under the Secretariat. The agencies
include the Massachusetts Highway Department, Massachusetts Aeronautics Commission,
Massachusetts Bay Transportation Authority, Massachusetts Port Authority, and the
regional transit authorities.
2. Massachusetts Highway Department (MHD)
The Commonwealth of Massachusetts Highway Department plans, designs, constructs,
and maintains highways, bridges, and related facilities of the Commonwealth. The
headquarters of the MHD are located in Boston but there are five district offices located
throughout the state which are the primary contact between the department and the
municipality.
3. Massachusetts Port Authority
The Commonwealth of Massachusetts Port Authority has the responsibility to plan,
construct, own and operate transportation and related facilities as may be necessary for the
development and improvement of commerce in Boston and the surrounding metropolitan
area. Among other facilities, MassPort owns and operates the seaport, Logan
International Airport, Hanscom Airport and the Tobin Bridge. MassPort also provides for
airport shuttle bus service and a water taxi service between Boston and the South Shore
suburbs such as Hingham.
4. Massachusetts Bay Transportation Authority (MBTA)
The MBTA operates the public transportation system within the greater Boston region.
They also have the responsibility to prepare the engineering and architectural designs for
operating and constructing transit development projects within the area.
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113 Boston No. 5, p. 4-6.
5. Massachusetts Bay Transportation Authority Advisory Board
The Advisory Board to the MBTA is a regional body created primarily to review and
approve the MBTA annual budget and the state required Program for Mass
Transportation. Major bus service changes and all fare changes are reviewed by the
Advisory Board. Each community has a weighted vote on the Advisory Board.
6. The Metropolitan Area Planning Council (MAPC)
The MAPC is the regional planning agency for the Boston metropolitan area. It provides
general land use, transportation, environmental, economic development, and housing
technical services to the MPO agencies and member communities.
Non-MPO agencies involved in transportation planning:
The Central Transportation Planning Staff (CTPS)
The Central Transportation Planning Staff provides technical and policy analysis support
to the Boston MPO. CTPS provides regional modeling and forecasting studies, air quality
analysis and various other technical transportation assistance.
The Joint Regional Transportation Committee (JRTC)
In addition to the six agencies, the JRTC provides policy advice to the MPO in matters of
areawide concern in transportation decision-making. The JRTC is made up of public
agencies, municipal representatives and citizen designees.
3.7.5 METHODS USED TO PRIORITIZE AND SELECT PROJECTS
The transportation planning process in Boston does not employ a systematic prioritization
methodology to streamline planning for the region. The various planning documents are
related and consistent with one another, however. The Transportation Plan which
describes the long-term approach to transportation in the region, compares alternative
long-term policy options and establishes a framework for projects to move from the long-
term plan towards implementation, i.e. inclusion in the TIP. The TIP is the short-term
transportation plan for the region. All federally funded projects to be implemented within
the next three years must be included in the TIP. Thus, this broad document must include
routine maintenance projects as well as SIP and CA/T mitigation commitments. Although
priority is naturally given to required, commitment projects, no systematic method is used
to establish priority.
The most "streamlined" planning effort may be found in the development of the PMT
which addresses maintenance, service, and capital needs of the regional transit system, as
well as ADA, CA/T, and SIP requirements. The PMT analyzes potential projects with a
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uniform set of measures before selecting its final plan. As is the case with other
transportation projects, most PMT projects must be included in the TIP.
Current PMT Development Process
The new Program for Mass Transportation was developed in three phases. Phase 1
consisted of an initial study of potential transit improvements. The main component of
this phase was a series of public "transportation town meetings" through which a broad
list of potential improvements was collected. Phase 2 involved a preliminary screening of
projects from Phase 1 to determine which projects should be analyzed in detail. The
screening criteria were:
* consistency with regional and local transportation goals, policies, and objectives.
* consistency with the intent of ISTEA and the 1990 CAAA.
* the judgment of the PMT Update's "Working Committee," which was comprised of
representatives of EOTC, MBTA, the MBTA Advisory Board, MHD, MAPC, the
Executive Office of Communities and Development, and CTPS.
During Phase 3 projects brought forth from Phase 2 were analyzed in detail to determine
which projects to include in the PMT. A procedure for amending the final PMT was also
adopted so that the document would remain relevant.1 14
The process used in Phase 3 to analyze the 70 projects brought forth from Phase 2 will
now be discussed in more detail. The evaluation of projects consisted of five general
steps:
1. Project Definition
2. Determination of Project Characteristics
3. Calculation of Performance Measures and the Development of Qualitative
Ranking
4. Interpretation of Data
5. Conclusions'15
In the second step, project characteristics such as ridership, operating and capital costs,
fare revenue, traffic impacts, and air quality benefits were estimated. Figure 3.7-13116 lists
the computed characteristics of each project. In the third step, the estimated
characteristics from the second step were used to develop evaluation measures addressing
utilization, cost-effectiveness, and a number of financial, air quality, and other impacts.
Figure 3.7-14 lists the evaluation measures computed for each project. 117 Impacts were
not translated into project scores, and projects were not systematically ranked. Rather,
the quantitative and qualitative measures were developed to help achieve the following
objectives:
* pursuing the most cost-effective of the proposed projects
* evaluating projects fairly and consistently
* using quantifiable performance-based standards to the maximum feasible extent
114Boston No. 8, 1-2 to 1-4.
1lSBoston No. 9, appendix F, p. F-1 to F-3.
116see appendix R for figures 3.7-13 and 3.7-14.
117Boston No. 8, p. 5-3.
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In light of these and other objectives, the most significant of the evaluation measures were
"new transit trips", "capital costs per new transit trip", "net operating cost", "travel time
savings", "percent emission reduction", and "cost per kg of VOC eliminated".11 Phase 3
culminated in the selection of projects to included in the PMT which may be summarized
by tables 3.7-3 to 3.7-6119. A more detailed description of the Phase 3 process is available
in appendix J. Also, a detailed example of a project's analysis is provided in appendix K
of this document.
118Boston No. 9, p. F-9.
119see appendix R for tables 3.7-3 to 3.7-6.
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Current TIP Development Process
No systematic scoring, ranking, or prioritization process was used to generate the 1996-
1998 Boston TIP. In order to be included in the TIP, projects follow the following
general process:
* The 101 cities and towns in the region submit project proposals to the MAPC
* The MAPC weeds out proposals that can not be implemented within the next three
years. This usually means that many details such as right-of-way and planning
must be sorted out in order for a project to be accepted. These projects are
collected into a draft TIP
* The MPO, with the aid of CTPS, financially constrains this draft TIP and sends out
the revised TIP for public review. A sample of the financial constraints governing
the 1996-1998 TIP are provided in appendix L.
* Public review entails publishing the TIP in the paper and receiving/responding to
comments sent in by interested parties.
* The TIP then is reexamined by the MPO until it meets their approval. A final TIP
is made.
* Any amendments to this TIP must also go out for public review. 122
Some prioritization does occur in the sense that SIP projects are required to receive
funding. This does not necessarily mean that they are the first projects to be implemented,
however. More detail on the sequence of events leading to a projects inclusion in the TIP
and forms used in the process are provided in appendix M.
Current SIP Development Process
Like the TIP process, the SIP development process does not employ any systematic
project evaluation method. Although non-systematic, analysis and evaluation of potential
projects is performed.
Current TP Development Process
Like the TIP and SIP, the TP is not generated from a systematic evaluation process.
However, evaluation of alternative approaches and a prioritization framework were
involved. Seven alternative development approaches were analyzed using the regions
transportation and land use models. The projects included in each alternative were not the
projects which would actually be implemented if that approach were selected. Rather
seven model runs were used to determine the relative effects of scenarios with broadly
different policy emphases: highway emphasis, transit emphasis, multi-modal, Metroplan
341
122 Boston Interview No. 1.
base, Metroplan Intervention, and Metroplan forced. Figure 3.7-15123 displays the
projects assumed in each of these model runs.
The modeling effort conducted for the 1993 TP was subject to time constraints and model
availability. Had more time been available more scenarios might have been analyzed.
Also, DRAM/EMPAL (an integrated transportation-land use model) could have been used
more to understand the land use impacts of the various transportation scenarios. The
MPO has agreed to update the 1993 plan no later than January 1995, and could improve
its analysis of alternative scenarios.
The analysis predicted the air quality and transportation impacts of the seven scenarios.
Figures 3.7-16 and 3.7-17 present these impacts relative to the 1990 existing case and
2020 base case. The figures point out how the impacts of each 2020 scenario relative to
one another are much smaller than the difference between 1990 existing conditions and the
2020 base case. In terms of selecting a plan the multi-modal scenario stands out because
it is multi-modal, meets air quality goals, and will help reduce congestion. However, a
land-use strategy also has much potential. Before defining its policy approach in detail,
the MPO will analyze additional scenarios. 124
While the analysis of alternate scenarios helped determine the policy orientation of the
plan, its four-level structure helped prioritize/organize projects as they moved towards
inclusion in the TIP. This structure is summarized in figure 3.7-18. Also, certain
screening criteria are used to move projects between levels. More detail on these are
available in a companion report entitled "Documentation and Analysis of Massachusetts
State and Regional Transportation Plans and Programs".
Future Attempts at Prioritization
1. TIP Project Evaluation and Prioritization
Although project prioritization methodologies have been suggested and abandoned in the
past, the Boston MPO is currently trying to devise an effective one.' 25
123see appendix R for figures 3.7-15 to 3.7-18.
124Boston No. 1, p. 7-32.
125Boston Interview No. 1 and 2.
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2. Management Systems
As required by ISTEA, MHD and MBTA are developing six management systems:
* Congestion Management System
* Highway Safety Management
* Bridge Management System
* Pavement Management System
* Public Transportation Management System
* Intermodal Management System
In the next version of the Boston Transportation Plan, these systems will help determine
investment need, choice of investment, conditions/requirements for implementation, and
performance evaluation. In particular, the Congestion Management System "is intended
to be a system that provides information on transportation systems performance to
decision-makers for selecting and implementing cost-effective strategies to manage new
and existing facilities..."' 26
3.7.6 ANALYSIS OF IMPACTS
Most quantitative transportation analysis for the Boston region is performed by CTPS. A
memorandum prepared by Karl Quackenbush (Document No. 7) describes the methods
CTPS might use to analyze TCMs and the method most suitable for specific TCMs. This
memo is available in appendix N. In short, three analysis approaches might be taken:
regional model-based, partially regional model-based, and non-regional model-based.
The CTPS Regional Model described within the memo is constantly being updated. Some
recent model updates:
* it was calibrated using new data,
* it is a single comprehensive model for highway, transit, and HOV forecasting, whereas
three separate sets of travel models had been used for these modes in the past.
* a land use allocation model has been integrated with the transportation models. Now,
not only can the impacts of population and employment on transportation be
forecasted, but also the impacts of transportation on population/employment.
* Regional employment forecasts for 1990-2020 employment growth in central Boston
are only 7-8%, whereas they had been around 30% for 1987-2010 in the old model.' 27
The five-step (not four-step since it now includes a land use component) model process is
summarized by figure 3.7-1812.
Since the land use allocation model was not described in the CTPS memo, a brief
description (taken from the TP) is provided here. The land use allocation model spatially
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126Boston No. 1, p. 6-11.
127 Boston No. 2, p. B-3.
128see appendix R
allocates forecasts of total regional population and employment among traffic analysis
zones. Employment for a given forecast year is allocated to a given zone on the basis of
historical levels of employment and population in that zone, total land area in the zone and
the accessibility of that zone from other zones where people live. Population is allocated
to a given zone based on its historical population, forecast employment level, amount of
residential land, vacant developable land, and the accessibility of that zone to other zones
where people work.
3.7.7 SUMMARY AND CONCLUSIONS
Boston is a unique example of transportation planning since one project, the CA/T,
commands most of the regions attention. Related to the CA/T are a number of mitigation
measures, namely $2.1 billion worth of TCMs. Some of these and other environmentally
advantageous transportation projects are committed to in its SIP. This case study details
the SIP and CA/T TCMs and the methods used to program them into the regional
transportation plans: TIP, TP, and PMT. Each of these plans was generated through a
different process.
Boston may have learned much about what works and does not work from its previous
attempts at TIP prioritization schemes. Although it does not currently employ one, the
issue is currently receiving renewed attention.
Currently, the most "systematic" process used by Boston for transportation planning
seems to be in the PMT development. In this process, a series of evaluation measures are
computed and used to compare competing transit projects. Unlike processes described in
other case studies, the Boston PMT process does not employ project scoring or
quantitative ranking to compare projects. Rather, it compares proejcts based on raw
evaluation measure and qualitative analysis.
Whether or not scores are worth computing is questionable. Similarly questionable, is the
value of a "systematic" TIP prioritization process since financial and timing constraints
often narrow the list of potential projects sufficiently. A main financial constraint is that a
large portion of regional funds must be devoted to CA/T, SIP, and maintenance/operation
needs. Also, a major time constraint is that projects ready for implementation within the
TIP time-frame are often scarce. 129
As in SFBA's TIP process, during Boston's TIP process project proposals are made by a
variety of regional, local, and private agencies. Also, SFBA agencies are given "bid
targets" to help them develop a feasible number of project proposals, although agencies
will not necessarily be allocated all of the targeted funds. Similarly, Boston provides
funding estimates to regional planning agencies.
129 Boston Interview No. 2.
344
APPENDIX B
Documentation and Analysis of Ten Methods Currently Available for Quantifying the
Emission and Travel Impacts of TCMs.
Source: This is an excerpt from a companion report entitled "Documentation and
Analysis of Technical Methods Currently Available for Quantifying the Emission Effects
of Transportation Control Measures " listed as Document No. 45.
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SECTION 4 DESCRIPTION OF THE METHODOLOGIES
4.1 Approach adopted in detailing the various methodologies
The purpose of this document, as stated before, is one of providing a brief overview of the
various methodologies available for analyzing the effects of TCMs. The objective is one
of trying to provide the reader with a tool for determining which methodology might be
most appropriate given his requirements and constraints. In documenting the various
methodologies available, the procedure adopted is one of trying to identify those pieces of
information most relevant to achieving this objective. Thus, the analysis of each
methodology takes the form of highlighting the various features of the methodology in
terms of: what is the level of analysis provided, what TCMs can it analyze, does it have
the facility to analyze groups of TCMs, what are the data requirements, what form does
the output take, what are the practical restrictions to using the methodology, as well as
some discussion of the structure of the methodology. More specifically, the format is as
follows:
1. What TCMs can be analyzed using this methodology and at what level of detail
(a) Level of analysis provided by the methodology
In this section we identify what level of analysis is provided by the methodology.
Generally, the answer to this will take the form of one of the terms: Screening, Sketch-
Planning or Detailed Analysis. A description of these terms has already been provided in
section 3.3. The information provided here should give some indication to the reader of
how rigorous the methodology is and as such, what level of decisions could be made
based on the output.
(b) What TCMs has the methodology been designed to analyze
This section is generally a listing of all the TCMs amenable to analysis using this
methodology, in cases where such information was available. Thus, the reader can
determine for himself, given that he seeks to analyze a particular TCM or TCMs, whether
the methodology is appropriate for his needs.
(c) Does the methodology support the analysis of groups of TCMs
In some cases, the reader may need to analyze a number of TCMs whose impacts are
interdependent. In such instances, a methodology which accounts for the effects of
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interacting measures will be appropriate. This section identifies whether the methodology
has the facility to analyze packages of TCMs.
2. Structure, inputs and outputs of the methodology
This section provides a brief overview of the methodology in terms of its structure, input
requirements, and resultant outputs. In some cases a methodology will consist of a totally
integrated whole of a number of modules. These modules may be aimed at analyzing
transportation, emissions and cost-effectiveness impacts as well as other possibilities.
Other methodologies will consist of perhaps only a transportation component and in such
cases emissions effects etc. would require the use of other means, or integration with
other methods. This section highlights what exactly the methodology is made up of, what
it is capable of analyzing, and what output it provides.
3. Practical Restrictions
(a) How easy is it to obtain the data required for the methodology
A major element in the decision to use any methodology is whether or not the data is
available to actually use it. This section indicates how easy it is to obtain the data required
of the methodology and where this information would typically come from. For some
methodologies, the data requirements are quite extensive and would thus be very
expensive to collect. In other cases, the data may be readily available and so the use of
this methodology might be very practical. The decision on which methodology to adopt
will also be interrelated with the level of analysis required and the seriousness of the
decisions which need to be made based on the output.
(b) Computer hardware and software required to use the methodology
This section identifies what the computer requirements (if any) of the methodology are.
The potential user will obviously be constrained by the computer resources available to
him and this will be an obvious determinant in his choice of methodology.
(c) Technical skills required to operate the methodology
This section indicates the necessary computer experience or skills required to use the
various methodologies. Some methodologies are very user-friendly whereas others
require programming experience or other expertise.
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(d) Is the methodology designed to be region-specific or broadly applicable
Some methodologies are designed to be very region-specific. Their alteration to facilitate
their use in another region may be very difficult or impractical. Other methodologies may
be very amenable to use in various regions or may contain default variables that can easily
be altered to reflect the characteristics of any particular region.
4.2 Four-Step Regional Travel Model
4.2.1 What TCMs can be analyzed using this methodology and at what level of
detail
4.2.1.1 Level of analysis provided by the methodology
Regional travel models are effective tools for detailed analysis provided that sufficient
region-specific data is available to calibrate a model and that the TCM impacts will not be
absorbed by the model's error terms. Four-step models only estimate the travel impacts of
a TCM, and therefore must be used in conjunction with other methodologies to determine
emission impacts.
4.2.1.2 What TCMs has the methodology been designed to analyze
Regional travel models are not typically designed for TCM analysis but, TCMs can be
analyzed with them. This is done by inputting the change to the transportation system
brought about by the TCM and observing how the model re-equilibrates. For instance,
they can model TCMs which affect travel times and costs. However, the effects of some
TCMs are small enough to be absorbed in the error terms of the model. In those cases, a
regional model would not be an appropriate analysis tool.
4.2.1.3 Does the methodology support the analysis of groups of TCMs
Regional models are good tools for TCM package analyses. Because multiple input
parameters may be changed at once it is easy to reflect the transportation changes brought
about by the TCM package. Overlap or synergies between TCM effects can thus be
accounted for.
349
4.2.2 Structure, Inputs, and Outputs to the Methodology
Regional travel models may be used to estimate the travel impacts of TCMs. Unlike other
methodologies described in this report, regional models do not attempt to translate these
travel impacts into emission impacts.
Regional travel models generally include four stages: trip generation, trip distribution,
mode choice, and traffic assignment. Figure 4-1 depicts the format of a conventional
regional travel model described in Document No. 10.
Figure 4-1
................. .................
EIZZ·ii
Document No. 10 describes each component of the model in detail in sections 3.3.1 to
3.3.9. It also provides a summary which is reworded here.
Regional economic and population forecasts may be obtained from federal sources, state
sources, or regional projections. However, the common practice is to use federal or state
regional growth estimates.
Local plans or land use allocation models are usually used to forecast land use and
development patterns.
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Current maps, inventories, or future plans all help agencies develop network descriptions.
Generalizations and assumptions used to represent networks are very region specific.
Vehicle Ownership is generally estimated form survey data using cross classification or
regression methods. Income and household size are common data elements used. Also
used, but less common are number of workers, transit accessibility, highway accessibility,
and so on.
Cross classification and regression are also common techniques for conducting trip
generation. Some agencies choose to use more sophisticated methods such as travel
frequency choice. Trip generation models usually output the daily trips produced by zone
or by a household. Trip estimates are broken down into at least the following three trip-
purposes: home-based work trips, home-based non-work trips, and non-home-based trips.
Productions and attractions are often estimated using separate models. Some common
variables used to estimate trip productions are household size, number of workers,
income, auto ownership, residential density, and distance of zone from central business
district. Some common variables used to estimate trip attractions include employment
levels, floor space, and accessibility to the work force.
Trip distribution requires a "gravity" model or growth factor method, typically, or a
"destination choice" model, less typically. Destination-choice models compute the
probability of selecting each location where the purpose of a trip could be fulfilled. The
most commonly used growth factor method is the Fratar method which is more a
projection technique than a trip distribution model. It forecasts the number of trips from
zone i to zone j. The most common trip distribution model is the gravity model. It also
predicts the number of trips between zones i and j.
All of these approaches consider variables such as time, distance, and costs of travel
between zonal centroids. Origin-destination pair data, or traffic counts less typically, are
used to calibrate the matching of productions and attractions.
Mode split is usually carried out with choice models. More advanced models include
nested logit. Common variables in mode choice models include travel time, travel cost,
household or individual income, number of workers in the household, and household auto
ownership.
Counts at key locations or travel survey data are required to produce peaking and time of
travel distributions. Advanced methods such as behavioral models of time of travel are
sometimes used.
Traffic assignment is done using incremental assignment methods, although advanced
algorithms which estimate network equilibrium directly are also available. The main
output from this stage are the traffic volumes on each network link by time period. Traffic
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assignment determines link speeds and VMT, two key components in TCM emission
analysis.
4.2.3. Practical Restrictions
4.2.3.1 How easy it is to obtain data required by the methodology
This methodology is very data intensive and requires relatively large amounts of region-
specific inputs and survey data. (see section 4.2.2)
4.2.3.2 Computer hardware and software required to use the methodology
The four-step regional modeling process requires either a mainframe, workstation, or
personal computer. Some common programs include the Urban Transportation Planning
System (for mainframes), MinUTP (for PCs), Transplan (for PCs), EMME/2 (for
workstations), TransCAD (for workstations), and System 2 (for workstations).1
4.2.3.3 Technical skills required to operate the methodology
The Urban Transportation Planning System, a common mainframe program, requires a
user who has programming skills and who is familiar with the hardware. The PC software
replicates the mainframe software, generally, as does the workstation software. However,
workstation software often utilizes the unique graphical capabilities of workstations to
facilitate network and database maintenance.2
4.2.3.4 Is the methodology region-specific or broadly applicable
The four-step travel modeling method can be applied to any region so long as sufficient
region-specific data is available for calibrating the model. Many regions have developed /
calibrated their own regional travel models. For example, a model of the Boston region
has been developed by the Central Transportation Planning Staff.
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1 Document No. 10, p3-5 .
2 Document No. 10, p3-6.
4.3 TCM Tools
(also known as the SANDAG Methodology since it was originally developed for the
San Diego Association of Governments by Sierra Research and JHK in 1991)
4.3.1 What TCMs can be analyzed using this methodology and at what level of
detail
4.3.1.1 Level of analysis provided by the methodology
This model is used for screening purposes with a county as the area being analyzed.3 In
the 1991 version, the analysis of subareas was not possible.4
4.3.1.2 What TCMs has the methodology been designed to analyze s
Demand Management
Ridesharing Program
Bicycle Improvements
Pedestrian Improvements
Trip Reduction Ordinances
Non-Commute TRO
Transit Improvements
Transit Service Increases
Park and Ride Lots
Freeway Management
HOV Lanes
Motorist Information
Incident Management and Response
Traffic Flow Improvements
Traffic Signal Improvements
Capacity Increases
Pricing Strategies
Employee Transit Pass Subsidy
Parking Pricing (Commute)(
Non-Commute Parking Pricing
Gas Tax/Cost Increase
VMT Tax
Road Pricing
Land Use Management
Jobs/Housing Balance
Densification
Mixed-Use Development
Growth Controls
Goods Movement
Delivery Timing
Loading Facility Improvements
Alternative Work Schedules
Telecommuting
Compressed Work Week
Flexible Work Hours
Staggered Work Hours
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3 Document No. 1, p 3-4 and Table A-1.
4 Document No. 16, p.28.
5 Document No. 11, 4th page.
4.3.1.3 Does the methodology support analysis of groups of TCMs
The transportation module can be utilized in a sequential manner such that the user can
determine the impacts of packages of measures.6
4.3.2 Structure, inputs and outputs of the methodology 7
The methodology consists of three separate modules; travel impact, emissions impact and
cost-effectiveness. (please see figure 4-2)
The transportation module is designed to estimate the effects of each TCM on numbers of
trips, vehicle miles traveled, and speed. A feature of the module is that it can be utilized in
a sequential manner such that the user can determine the impacts of packages of measures.
This module requires three types of inputs; Baseline Travel Characteristics, TCM Specific
Parameters, and Assumptions. The baseline travel characteristics defining the travel
patterns in the area of implementation are input by the user but remain the same for all
TCMs in a given analysis year. Information must also be entered regarding the particular
TCM being implemented. Some examples are the amount of the gas tax, or the number of
employees affected by an employer-based program. The assumptions used in the module
generally use elasticities to provide some quantification of the effect of travel changes by
the TCM, and these can be altered depending on the area of analysis. The outputs from
the module include the baseline travel characteristics and the effects of each TCM on peak
and off-peak period trips, VMT and speed. These outputs are used in the emissions and
cost-effectiveness modules.
The emissions module uses the output from the transportation module and combines it
with emission factors from EMFAC7E and BURDEN7C (these are California Air
Resources Board's emissions factor models) to determine an estimate of baseline
emissions and pollutant reductions for each TCM. As detailed before, determining the
emissions benefits of a particular TCM with accuracy, depends largely on how much detail
is known about the measure's effects on vehicle operations. Emissions vary greatly with
vehicle class and vehicle activity. For this reason, the decision was made to calculate the
baseline motor vehicle emissions at a disaggregate level, accounting for trip type, vehicle
class, hour of the day, and operating mode. Once all of this information has been entered,
the module program estimates the area's baseline pollutant emissions: reactive organic
gases (ROG), carbon monoxide (CO), nitrogen oxide (NOx) and particulate matter (PM).
The module outputs what the emissions would be if the TCM were implemented. Using
these values with baseline figures, the TCMs emission reduction potential can be
computed.
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6 Document No. 11, p4 .
7 Document No. 2, Chapter 4.
Legend
Module I Figure 4-2:
TCM Tools Model Structure
(source: Document No. 11, p. 3)
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The cost-effectiveness module uses the outputs from the transportation and emissions
modules and combines this with other data in the form of baseline parameters and default
parameters. The baseline parameters are input by the user and concern such items as the
study year, study area, pollutants of interest and daily emissions totals for each of these
pollutants. The default parameters include basic cost per unit data and other factors, and
can be modified by the user to be more area specific if such information is available. Using
this information, the module calculates the costs and the cost-effectiveness of the specified
TCMs. The actual calculation of cost-effectiveness is divided into three steps: the
calculation of costs, emissions and cost-effectiveness. The costs involved in implementing
a TCM are divided into three cost sectors; public, private and individual. For each sector
the cost, revenue and avoided cost incurred by the implementation of the TCM are
determined. The emissions module outputs the estimated emissions reductions for the
four pollutants HC, CO, NOx and PM. Finally, the actual cost-effectiveness calculation
involves the allocation of the costs to the pollutant reductions. The module then outputs
both gross (expenses minus revenues) and net (gross minus avoided costs) cost-
effectiveness estimates for each pollutant, for each TCM.
4.3.3 Practical Restrictions
4.3.3.1 How easy is it to obtain the data required for the methodology
It is considered that the travel input data requirements of this methodology should be
readily available from a regional travel model. In addition, default values are supplied for
many of the input variables, cost rates, etc. but these will vary depending on the region of
application and may be difficult to estimate in some cases. Also, for some TCMs the user
is required to generate estimates of trips and VMT, and home-based-work trips (HBW)
must be converted to commute trips.
4.3.3.2 Computer hardware and software required to use the methodology
The software requirements are an MS-DOS operating system, Version 3.3 or greater and
a Lotus 1-2-3 spreadsheet package, Release 2.0 or greater. Hardware requirements
consist of an IBM-compatible PC with 640 KB of main memory, 16 MHz 80286 system
with 80287 Math coprocessor. A Hard disk file storage capacity of 1.6 MB is also
necessary.8
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8 Document No. 1, Table A-1.
4.3.3.3 Technical skills required to operate the methodology
This is a user-friendly package requiring only basic knowledge of Lotus 1-2-3. In
addition, user manuals are available for each module.
4.3.3.4 Is the methodology region-specific or broadly applicable
This methodology was originally designed for use in the San Diego area and the default
values and emissions factors reflect the characteristics of that area. The facility exists to
alter these values to represent the characteristics of any particular region. However, the
emission rates cannot be changed by the user.' A modified version of the original model
developed for SANDAG in 1991 will make the emission module nationally applicable.
1oThe transportation and cost-effectiveness modules are applicable to any region.
4.4 CM/AQ Evaluation Model
4.4.1 What TCMs can be analyzed using this methodology and at what level of
detail
4.4.1.1 Level of analysis provided by the methodology
The CMAQ Evaluation Model is designed for screening purposes only. It aims to provide
a quick and effective analysis of a TCM as well as providing some means of comparing or
ranking different measures. The methodology outputs a rating for each project eligible for
CMAQ funding.
4.4.1.2 What TCMs has the methodology been designed to analyze
A complete listing of the strategies capable of being analyzed using the CMAQ Evaluation
Model includes the following"1
9 Document No. 1, Table A-I.
10 Document No. 16, p. 28.
" Document No. 11, Table 1.
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Improved Public Transit
* Increased Transit Service
* Express Buses
* Paratransit Programs
* Light Rail
* Bus Signal Pre-emption
* Activity Center Shuttles
* Transit Shelters
* Transit Advanced Traveler Information Systems
HOV Facilities
Freeway HOV Lanes
Arterial HOV Lanes
Ramp Meter Bypass for HOVs
Employer Based Strategies
* Transit Pass subsidy
* Employee Transportation Coordinator
* Education/Information Dissemination
* Guaranteed Ride Home
* Trip Reduction Ordinances
Traffic Improvement Projects
* Traffic Signal Timing and Coordination
Improvements
* Traffic Operations Center
* Courtesy Patrol
* Other Incident Detection and Response Programs
Motorist Information
Intersection Improvements (widening)
Ramp Metering
Reversible Lanes
Park-n-Ride Lots
* Transit-oriented
* Car/Vanpool-oriented
* Bike to Park-n-Ride Program
Auto/Truck Restrictions
* Restricted Times for Goods Delivery
* Auto Restricted Zones
Congestion Pricing
* VMT Tax
* Tolls
Rideshare Programs/Services
* Regional or Neighborhood-Based Rideshare
Program
* Transportation Management Associations
* Vanpool Programs
Non-Motorized Facilities
* Pedestrian Improvements
* Bicycle Amenities (lockers, showers, secure
storage)
* Bicycle Lanes, Paths
* Public Education Campaign
* Bicycle/Pedestrian Coordinator Positions
Vehicle Idling Controls
* Drive-through Restrictions
* Curb-side idling restrictions
* Vehicle idling restrictions by buses and trucks
Alternative Work Schedules
* Compressed Work Week
* Flexible Work Hours
* Staggered Work Hours
Alternative Fuels Incentive Programs
* Public Fleet Compressed Natural Gas
* Reformulated Gasoline/Diesel
PM10 Reduction Measures
* Enhanced Street Sweeping
* Road Sanding/Salting Alternatives
* Diesel Control Programs
Telecommunications
* Home-Based Telecommuting
* Satellite Work Center
* Teleconferencing
Parking Management
* Restricted Parking Supply
* Parking Charges (commute and all trips)
* Preferential Parking for Carpools and Vanpools
Other Transportation Projects
* Promising Technologies
* Feasible Approaches
* Projects not in strategy listing
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Figure 4-3: CM/AQ Evaluation Model Structure
(source: Document No. 11, p. 10)
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4.4.2 Structure, inputs and outputs of the methodology
The model was developed as five separate modules: 12
* Eligibility
* Travel Impacts
* Emissions
* Cost-Effectiveness
* Criteria Weighting
Figure 4-3 illustrates the basic structure of the model, but separate calculations were
developed for each strategy to better capture the particular ways they impact travel,
emissions and cost-effectiveness.
The Eligibility Module determines whether or not a project is eligible for CM/AQ funding
as specified under U.S.DOT/FHWA guidelines. The fundamental prerequisite for CM/AQ
funding requires that projects come from a conforming transportation plan and TIP, and
be consistent with the conformity provisions contained in Section 176(c) of the Clean Air
Act. Projects must also comply with NEPA requirements.
The Travel Impact Module assesses impacts on vehicle trips, vehicles miles traveled,
average travel speed and vehicle idling time. The impacts of each project on travel
behavior are necessary as inputs to the emissions and cost-effectiveness calculations. In
general, VMT reductions are calculated by combining the estimated trip reduction with the
affected average trip length, and average speed changes for a particular area are based on
the estimated VMT reduction. For each particular strategy however, a separate set of
parametric equations was developed to assess the effects of that strategy on travel.
The Emissions Module first establishes a baseline estimate of emissions by pollutant type
and from this determines the improvement brought about by a particular strategy. CO,
VOC and PM10 emissions changes are estimated for each project. Separate emission rates
are determined for trip-based emissions, running emissions, and idling emissions in order
to assess the differing impacts of changes in travel characteristics.
The Cost-Effectiveness Module estimates the cost of each project to the public sector, and
the cost-effectiveness in terms of the cost per kilogram of pollutants reduced. The public
sector costs of any particular strategy comprises of the daily labor costs, daily capital
costs, daily direct operational costs and daily overhead costs. This is offset against the
daily revenues that may result from the implementation of the strategy. By combining
these figures a total cost estimate is arrived at. Cost-Effectiveness calculations are
performed for each of the three pollutants CO, VOC, and PMio separately by dividing the
total costs by the emission reductions.
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12 Document No. 1
The Criteria Weighting Module aims to rate the overall effectiveness of each eligible
project and then compare them to each other. The important issue is the weighting factors
that are selected to reflect the relative importance of the various criteria which could
include Travel Impacts, Pollutant Emission Impacts, Cost-Effectiveness, Early Project
Effectiveness.
4.4.3 Practical Restrictions
4.4.3.1 How easy is it to obtain the data required for the methodology
This model is similar to TCM Tools in its data requirements, utilizing location-specific
data which should be readily available from a regional travel model. In addition, the
model also uses reported experience as a basis for the selection of default values for some
input variables. In addition to the usual travel and emission impacts components, the
model also includes a means of rating projects, which requires the use of weighting factors
to reflect the relative importance of a variety of criteria. These factors would be selected
based on the importance attached to the different criteria by a particular region. For
instance, some regions may consider air quality improvement to be their main priority and
as such a greater weighting would be given to real air quality benefits than would be given
to congestion mitigation effects. Another important data input of the model are the cost
rates such as the daily labor, capital, direct operational and overhead costs which would
require some effort to obtain good estimates of.
4.4.3.2 Computer hardware and software required to use the methodology
The model was developed in Paradox 4.02, a PC - based database management software
package, and can be operated in later DOS - based versions as well.
4.4.3.3 Technical skills required to operate the methodology
This is a user-friendly PC - based model.
4.4.3.4 Is the methodology region-specific or broadly applicable
The model has the facility to be updated and customized to be applicable to various
regions. Customization could be as simple as changing the weighting factors to reflect
more closely the criteria of a particular region. Other updates might include the addition
of more strategies, the revision of emission rates, or the alteration of selection criteria.
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4.5 EPA-SAI Methodology
4.5.1 What TCMs can be analyzed using this methodology and at what level of
detail
4.5.1.1 Level of analysis provided by the methodology
The EPA-SAI methodology is a sketch planning technique which approximates the effects
of TCMs. Transportation modeling probably provides more accurate estimates. The
EPA-SAI techniques should be used:
* if a transportation model is not readily available or calibrated for
the region
* for screening purposes; to see if modeling is worthwhile
* if the effect of the TCM is small enough to be captured within a
model's margin of error. 13
The method for TCM package analysis involves creating a model of the region's mode
choice decision making. It is not, however, an empirical model statistically calibrated from
an extensive database. If such a detailed travel model has been or could be easily
calibrated for the region, the EPA-SAI report recommends its use. The main advantage of
the EPA-SAI method is its minimal data requirements relative to a detailed travel model.
The main disadvantage is the loss of accuracy.14
4.5.1.2 What TCMs has this methodology been designed to analyze
A general method for estimating travel impacts of a TCM is presented. This method is
applied to six sample TCMs.
1. Telecommuting
2. Flextime
3. Compressed Work Weeks
4. Ridesharing
5. Parking Management
6. Transit Improvements
a) decreased fares
b) increased service
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13 Document No. 5, pl-2 .
14 Document No. 5, p4-9.
These examples should provide enough insight on how to use the methodology to estimate
the impacts of price, behavioral, or system changes brought about by TCMs, so that the
analyst may apply the methods to TCMs other than the six listed above.' 5
In general, if the TCM's impacts on speed, trips, and VMT are known, then the emission
impacts of that TCM may be estimated with the EPA-SAI method. This is because VMT,
trips, and speed impacts, as well as Mobile emission factors, are the main inputs needed to
calculate emission effects using this method.
4.5.1.3 Does the methodology support the analysis of groups of TCMs
Chapter 4 of the EPA/SAI methodology (Document No. 5) describes a method for
analyzing TCM packages. However, the authors recommend the method only when a
detailed regional travel model is not readily available.
4.5.2 Structure, inputs, and outputs of the methodology
This methodology is two-staged. First it estimates the travel impacts of TCMs and then it
converts them into emission impacts. Unlike other methodologies, the EPA-SAI method
does not provide a means for converting emissions and travel impacts into cost-
effectiveness measures. Also, unlike some other methodologies, this one addresses the
issue of TCM package analysis.
Stage la: Assessing the Travel Impacts of Individual TCMs
Inputs
Appendix A lists the input data needed to estimate the travel impacts of the 6 TCMs
discussed in detail by the report. The analyst should note that:
* not all data items are needed to analyze each TCM
* analyzing a TCM other than the 6 discussed might require data inputs not listed.
Also listed in appendix A are examples of potential data sources. If region specific data is
unavailable, "standard" values may be found in appendix B. The EPA-SAI report strongly
encourages the use of region-specific data, however. The sample calculations presented in
the report are often based on data from the San Francisco / Bay Area, rather than on
"standard" data. 16
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15 Document No. 5, p2-4, 2-5.
16 Document No. 5, p2-6.
Output:
The travel impacts of interest when calculating emission effects of a TCM are (1) changes
in VMT, (2) changes in speed, and (3) changes in trips. Nine steps are followed to
produce this output as is shown in Table 4-1.17
Table 4-1: Nine-Step Process Used to Calculate Travel Impacts
STEP
1. Identify potential direct trip effect and
affected trip type.
2. Calculate direct trip reductions.
3. Calculate indirect trip reductions.
4. Determine peak/off-peak period trip
shifts.
5. Calculate total trip changes.
6. Calculate VMT changes due to trip
changes.
7. Calculate VMT changes due to trip
length changes.
8. Determine total VMT changes.
9. Calculate speed changes.
Stage ib: Assessing the Travel Impacts of TCM Packages
This stage has two components:'8
1. Estimating the effect of the TCM package on mode split.
2. Using the mode split data and the method described for Stage
la, estimating the travel impacts of each TCM individually.
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17 Document No. 5, p2-3 .
18 Document No. 5, p4-1, 4-2.
Component I
Because the method used to estimate mode split is not an empirical model statistically
calibrated from an extensive database, the method requires minimal data inputs. As has
been noted, if a detailed travel model is readily available it should be used instead of this
method because it will most likely provide more accurate results. The only data required
to use this method are:
* current mode splits
* costs of each mode
* travel times of each mode.
Although the data requirements are minimal relative to a detailed travel model, use of this
method does require a fairly detailed knowledge of the transportation system.
This component estimates the changes in mode split resulting from a TCM package. This
output serves as input data for component 2.
Component 2
Except for the new mode split data computed in component 1, this component has the
same input and output as was needed in Stage la.
Stage 2: Converting Travel Impacts into Emission Impacts
The emissions analysis methodology assumes the following relationships between travel
impacts and emissions categories:
* Trip changes affect hot-start and cold-start exhaust, hot
soak, and diurnal emissions.
* VMT changes affect hot-stabilized exhaust, running loss,
crankcase, and refueling emissions.
* Speed changes affect hot stabilized exhaust and running loss
emissions.
In order to convert these travel impacts into their impacts on HC, CO, and NOx
emissions, four steps are followed. First the emission impact of trip changes is calculated,
second the impacts of VMT changes is computed, and third the impacts of overall fleet
speed changes are calculated. In the fourth step, results from the first three stages are
summed to produce an estimate of total emission changes.
Table 4-2 provides a listing of inputs to the emission module. The MOBILE emission
factors may be substituted by EMFAC emission factors so long as the units are
compatible. MOBILE requires inputs such as vehicle fleet information, vehicle fuel
information, vehicle operating conditions, temperature data, and vehicle inspection data.
Region-specific data should be used, although national average data is sometimes provided
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as default values. 19 The second column of inputs are values calculated in Stage la of the
methodology, which is described above. The third column includes input values which
must be obtained from regional sources, standard values, or reasonable assumption. For
example, the report suggests that the fraction of cold-started work trips is close to 1.20
Table 4-2: Three Categories of Inputs to Emission Module21
Inputs From Travel Impact
Estimation
1. total work peak trip changes
2. total work off-peak trip
changes
3. total non-work peak trip
changes
4. total non-work off-peak
changes
5. change in total peak period
VMT
6. change in total off-peak
VMT
7. change in peak period speed
8. change in off-peak period
speed
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19 Document No. 5, p3-2.
20 Document No. 5, p3-8.
21 Document No. 5, p3-6 to 3-26.
Outputs
The primary outputs from the emission module of this methodology is the change in CO,
HC, and NOx emissions resulting from the speed, VMT, and trip impacts of a TCM.
4.5.3 Practical Restrictions
4.5.3.1 How easy it is to obtain data required by the methodology
Stage la: Example sources of regional data are listed. Although the use of regional data
is strongly suggested, the report recognizes that not all agencies will have region-specific
data available to them , and therefore sources of standard input values are also listed.
Stage lb: Data requirements for the mode split method used are minimal relative to those
of a detailed travel model. However, knowledge of current regional mode split, as well as
relative travel times and costs of regional modal options, are required and should be
available from regional sources.
Stage 2: MOBILE emission factors should be region-specific, although default inputs are
provided by MOBILE. Reasonable assumptions are often suggested for other inputs
which may be difficult to obtain. For instance, data on the ratio of cold to hot starts is
often unavailable and must therefore be assumed.
4.5.3.2 Computer hardware and software required to use the methodology
The EPA-SAI methodology requires only a hand held calculator. 22 However, mode split
calculations for analysis of TCM packages may be most easily conducted using a
spreadsheet or a simple FORTRAN program.23 MOBILE or EMFAC emission models
must be used in order to obtain necessary inputs to the emission module of the
methodology.
4.5.3.3 Technical skills required to operate the methodology
Given all the necessary input data, in particular MOBILE emission factors, only simple
computational skills are required to employ this methodology.
4.5.3.4 Is the methodology region-specific or broadly applicable
The methodology is designed to be broadly applicable, although most examples are based
on data specific to the San Francisco / Bay Area. The method for TCM package analysis
is applied to both the City of San Francisco and the Maricopa County Metropolitan Area
in Arizona.
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22 Document No. 5, p1-2.
23 Document No. 5, p4-3.
4.6 Pivot Point Model"
4.6.1 What TCMs can be analyzed using this methodology and at what level of
detail
4.6.1.1 Level of analysis provided by the methodology
This methodology is for screening and sketch planning purposes and applies to measures
that impact travel time and cost.
4.6.1.2 What TCMs has the methodology been designed to analyze
Examples of TCMs which may be analyzed using this methodology include the following:
Applicability of model to specific TDM measures:
Reduced Transit Fares
Increased Transit Service
Parking Pricing
Preferential Parking
Employee Transit Pass Subsidies
Transportation Allowance
Direct Monetary Incentives
Integrated Bicycle Lane System
Increases in Gasoline Tax
Emission Based Changes
Applicability of model to specific TSM measures:
Signal Optimization
Applicability of Model to specific Facilities Development Measures:
Arterial HOV Lanes
Freeway HOV Lanes
Fixed Guideways
4.6.2 Structure, inputs and outputs of the methodology
The Pivot Point Model consists of a Transportation module. The model is applicable to
sketch planning analysis of TCMs that effect work trips and their travel time or cost,
where their impact is on mode choice. The input requirements include average household
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24 Document No. 1
characteristics, base work trip modal shares, average carpool size and average trip lengths.
The model has no emissions capability.
4.6.3 Practical Restrictions
4.6.3.1 How easy is it to obtain the data required for the methodology
The baseline travel data should be readily available, possibly from a regional travel model.
4.6.3.2 Computer hardware and software required to use the methodology
The software requirements are an MS-DOS operating system, Version 2.0 or greater if
using a PC or, on a limited basis for Macintosh IIsi and above. Hardware requirements
are a 286-level IBM compatible PC and math coprocessor.
4.6.3.3 Technical skills required to operate the methodology
Simple, easy to use methodology.
4.6.3.4 Is the methodology designed to be region-specific or broadly applicable
The elasticities for travel times and costs can be changed, using simple programming
language provided in the documentation, to represent the characteristics of any particular
region.
4.7 TRIPS25
4.7.1 What TCMs can be analyzed using this methodology and at what level of
detail
4.7.1.1 Level of analysis provided by the methodology
This model can be used for screening, sketch planning and detailed network analysis of
TCMs that impact travel time and cost.
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25 Document No. 1
4.7.1.2 What TCMs has the methodology been designed to analyze
The measures that can be analyzed using this methodology include the following:
Applicability of models to specific TDM measures:
Reduced Transit Fares
Increased Transit Service
Parking Pricing
Preferential Parking
Employee Transit Pass Subsidies
Transportation Allowance
Direct Monetary Incentives
Integrated Bicycle Lane System
Increases in Gasoline Tax
Emission Based Charges
Applicability of models to specific TSM measures
Signal Optimization
Applicability of models to specific facilities development measures
Arterial HOV Lanes
Freeway HOV Lanes
Fixed Guideways
4.7.2 Structure, inputs and outputs of the methodology
TRIPS comprises transportation, emissions, fuel consumption and residential location
components. It was developed to examine pricing policies in particular, and is most suited
to these TCMs. The data inputs require conducting a large household interview survey
and there are factors which relate the survey values to the regional population.
The package estimates emissions reductions internally using EMFAC emission rates, but
when linked to a regional travel model, DTIM or other emissions estimation software can
be applied.
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4.7.3 Practical Restrictions
4.7.3.1 How easy is it to obtain the data required for the methodology
The model has been set up for the Southern California Association of Governments
(SCAG) using information obtained from a household interview survey conducted in
1976. The collection and formatting of new data would require significant effort.
4.7.3.2 Computer hardware and software required to use the methodology
The Software requirements are an MS-DOS operating system with spreadsheet software
recommended to format the output. Hardware requirements are an IBM-compatible PC,
AT or above.
4.7.3.3 Technical skills required to operate the methodology
The package consists of a simple menu-based, line-oriented interface for most common
analysis tasks. However, a lot of programming skill and effort is required to set up the
model and analyze complex TCMs.
4.7.3.4 Is the methodology designed to be region-specific or broadly applicable
All of the assumptions and elasticities are imbedded in the program, and would require a
programmer to make the changes. As such, the methodology is not broadly applicable.
4.8 COMSIS TDM Model26
4.8.1 What TCMs can be analyzed using this methodology and at what level of
detail.
4.8.1.1 Level of analysis provided by the methodology
This methodology can be used for either Screening, Sketch Planning or Detailed Network
analysis of transportation demand management measures that impact home-based work
trips.
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4.8.1.2 What TCMs has the methodology been designed to analyze
Examples of the TCMs that may be analyzed using this methodology include the
following:
Applicability of model to specific TDM measures
Reduced Transit Fares
Increased Transit Service
Parking Pricing
Preferential Parking
Employee Transit Pass Subsidies
Direct Monetary Incentives
Increases in Gasoline Tax
Emission Based Charges
Applicability of model to specific facilities development measures:
Arterial HOV Lanes
Freeway HOV Lanes
4.8.1.3 Does the methodology support the analysis of groups of TCMs
The model is designed to evaluate specific measures, and a separate methodology is
included for each measure.
4.8.2 Structure, inputs and outputs of the methodology
The COMSIS TDM Model only has a transportation module. The data requirements are
trip tables containing information by purpose and mode, and a highway distance matrix
from a regional travel model. The model also requires knowledge of the location of
employers by size of firm. The model can operate directly off of trip tables from a
network model and can be specified for a region, sub-region, or site.
The model can be linked to a regional travel model, and DTIM or other emissions
estimation software can be applied in order to develop emissions impact estimates.
4.8.3 Practical Restrictions
4.8.3.1 How easy is it to obtain the data required for the methodology
The trip tables should be readily available from a regional travel model or a local travel
model, and default values are available for other inputs if they are difficult to obtain.
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4.8.3.2 Computer hardware and software required to use the methodology
The software requirements are an MS-DOS operating system, Version 3.1 or greater.
Hardware necessities are a 386-level IBM-compatible PC, with math coprocessor and
EGA color monitor and laser printer (optional for graphics).
4.8.3.3 Technical skills required to operate the methodology
This is a user-friendly package, which is menu-driven. Additionally, a user's manual is
included with the software.
4.8.3.4 Is the methodology region-specific or broadly applicable
Any of the input data and sensitivity factors in the model can be modified by the user and
so the methodology can be altered to be applicable to the region under consideration.
4.9 Sacramento Air Quality Management District
(SMAQMD) Methodology27
4.9.1 What TCMs can be analyzed using this methodology and at what level of
detail
4.9.1.1 Level of analysis provided by the methodology
The SMAQMD methodology described in Document No. 5 has not been fully developed.
It is Volume 5 of SMAQMD's 1991 Air Quality Attainment Plan. It begins with a
qualitative screening analysis in which TCMs are ranked by effectiveness and feasibility.
The iterative screening process produced a list of 38 measures deemed worthy of more
detailed analysis. These measures were further subdivided amongst three terms of
implementation: near term (1991-1993), mid-term (1994-1996), and long-term (1997-
2010). A methodology combining qualitative and quantitative analysis techniques was
then used to analyze the joint effects of the 20 near-term projects. This more detailed
methodology is described below.
27The entire discussion of the SMAQMD methodology is based on a summary provided in Document No.
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4.9.1.2 What TCMs has this methodology been designed to analyze
SMAQMD used their methodology to analyze a set of 20 TCMs, whose exact
descriptions are available in the footnoted source.28 This methodology is designed to
analyze packages of TCMs. Also, shifts in commuter mode choice were the main TCM
travel impacts considered. For instance, the analysis did not consider the ability of TCMs
to indirectly generate new trips by increasing a vehicle's accessibility.
4.9.1.3 Does the methodology support the analysis of groups of TCMs
The methodology only analyzes TCM packages. No method is provided for the analysis
of individual TCMs. Also, if the set of TCMs included in the package is altered, the entire
modeling procedure must be redone.
4.9.2 Structure, inputs, and outputs of the methodology
The entire methodology rests on the basic assumption that an entire TCM package will be
implemented according to a pre-determined schedule.
The methodology consists of three stages: estimation of travel impacts, estimation of
emission impacts, and calculation of cost-effectiveness measures. The travel impacts
considered include cold start trip, hot-start trip, VMT, idling time, average speed, and
time of day changes. SMAQMD subdivides its travel market into six sections: Goods
Movement, Recreation, Activity Center, Commercial, Institutional, and Employment
(abbreviated GRACIE.) The effects of TCMs on the entire travel market is broken down
into their effects on each GRACIE sub-market.
The primary emission impacts considered include change in CO, NOx, and ROG (reactive
organic gases) emissions. These are estimated for each of four travel aspects (VMT
emissions, cold-start emissions, hot-start emissions, hot-soak emissions) and each of five
years (1987, 1991, 1997, 2000, 2010.) Estimates for each year between 1987 and 2010
are interpolated from these.
Cost-effectiveness is measured in units of $/ ton per day in 1987 dollars using a simple
spreadsheet program. These measures are based on inputs from previous sections of the
methodology and on calculations of the TCMs' net present values. Finally the measures
are used to rank the 20 TCMs analyzed.
28Ornelus, L. 1990. Sacramento Metropolitan Air Quality Management District. "Sacramento Air
Quality Attainment Plan Volume Five: Transportation Control Measures Program."
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A sequence of five qualitative/quantitative phases comprise the three broad stages
described above:
1. TCMARK - Because a TCM does not impact all GRACIE sub-
markets, this computer model is used to determine which sub-
markets are impacted by a particular TCM.
2. TCMPACT - Qualitatively analyzes the potential of TCMs to
reduce emissions. Ranks each TCM on a scale of 1 to 6, 6 being
the best.
3. TRAVDEM - This is a travel demand forecasting model used to
evaluate transportation and cost-effectiveness impacts of each
TCM.
4. EMISSION - This model produces an inventory of on road mobile
source emissions using BURDEN/EMFAC emission factors and
inputs from previous phases of the methodology.
5. Cost-effectiveness - a cost-effectiveness value is calculated so that
TCMs may be ranked.
4.9.3 Practical Restrictions
4.9.3.1 How easy is it to obtain the data required for the methodology
Document No. 5 points out that there are several parts of the methodology in which the
lack of sufficient, accurate data is mentioned. Whether this is the opinion of EPA-SAI
writers or if it is a shortage noted by SMAQMD itself, is unclear.
4.9.3.2 Is the methodology region-specific or broadly applicable
The SMAQMD methodology is region-specific and would be difficult to adapt to other
regions, according to Document No. 5.
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4.10 AQAT-3 (Air Quality Analysis Tools) 29
4.10.1 TCMs that can be analyzed using this methodology and at what level of
detail
4.10.1.1 Level of analysis provided by the methodology
According to Document No. 5, this methodology is best used for screening purposes.
Attributes of the methodology which add uncertainty to its results include:
* Insufficient documentation on how to convert mode share changes
into trip, VMT, and speed changes.
* Pivot Point, a methodology used to analyze travel impacts,
addresses mainly work trip changes.
* Pivot Point uses regression coefficients from a 1968 Washington,
DC travel survey which may be outdated or inappropriate for other
regions.
* The calculation of emission factors is based on generalized fleet
characteristics
4.10.2 Structure, inputs, and outputs of the methodology
This methodology links four computer tools in order to analyze the air quality impacts of
transportation programs. UBREMIS estimates changes in vehicle emissions due to new
or modified land usage by using inputs such as changes in the number of trips associated
with a particular land usage. EMFAC7PC estimates on-road emission factors. The inputs
to EMFAC7PC are less rigorous than those needed for EMFAC. CALINE4 calculates
pollutant concentrations near roadways. Finally, PIVOT POINT, a sketch planning
method originally developed by Cambridge Systematics, estimates the impact of TCMs on
the use of different travel modes.
4.10.3 Practical Restrictions
4.10.3.1 Computer hardware and software required to use the methodology
The set of four computer programs: URBREMIS, EMFAC, CALINE4, and PIVOT
POINT, can be contained on two diskettes. Use of this software requires an IBM
compatible microcomputer with 128K of memory, a color graphics video adapter, and a
disk drive.
29This discussion is based on a summary of AQAT-3 provided in Document No. 5.
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4.10.3.2 Is the methodology region-specific or broadly applicable
Developed by the California Air Resources Board Stationary Source Division, this
methodology is very specific to California. MOBILE, rather than EMFAC, is used in
most other states. Also, CALINE4 was developed by Caltrans. As is implied by these
reasons and is stated by Document No. 5, this methodology would not be easily adapted
to other regions.
4.11 SAI/CARB Methodology
(Systems Applications International / California Air Resources Board)
4.11.1 TCMs that can be analyzed using this methodology and at what level of
detail
The EPA/SAI methodology described in section 4.5 is the "second generation" of the
methodology described below. The discussion which follows is based on a summary
provided in the EPA/SAI methodology's report, Document No. 5.
4.11.1.1 Level of analysis provided by the methodology
This is a sketch planning method that may be appropriate only for screening in certain
cases. In particular, travel impacts estimated using elasticities should be noted since
elasticities are very region-specific values.
4.11.1.2 TCMs this methodology has been designed to analyze
A few TCMs are described in detail:
* Ridesharing
* Telecommuting
* Parking Management
* Flextime / Staggered work hours
* Compressed Work Weeks
* Traffic Flow Improvements
* Traffic Signal Synchronization
Other TCMs could be analyzed by modifying the methods used to analyze the above
TCMs. However, Document No. 5 points out that methods for doing this are not
discussed in detail.
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4.11.1.3 Does the methodology support the analysis of groups of TCMs
A method for TCM package analysis which accounts for overlap and synergy between
certain measures, is included in the methodology. Document No. 5 points out that the
packaging methodology requires several qualitative judgments which could make the
calculation of multiple scenarios difficult.
4.11.2 Structure, inputs, and outputs of the methodology
The structure of the SAI/CARB methodology is very similar to that of the EPA/SAI
methodology. However, a detailed description is N/A.
4.11.3 Practical Restrictions
4.11.3.1 How easy is it to obtain the data required for the methodology
Like the EPA/SAI methodology, this methodology is fairly data intensive. Because the
results are only as legitimate as the input data, the availability of region-specific data
should be considered before using this method. Also, professional judgment is often used
to determine key input values such as the utility of cost, convenience, and time.
4.11.3.2 Computer hardware and software required to use the methodology
EMFAC7E emission factors are used. Further information is N/A.
4.11.3.3 Is the methodology designed to be region-specific or broadly applicable
The methodology was designed for the California Air Resources Board and uses
EMFAC7E which is used primarily in California.
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APPENDIX C
Example Methodologies Used By Dallas-Fort Worth
Source: Texas No. 4, pages 1-29, 1-33 to 1-39.
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Evaluation of Roadway Projects
Roadway projects were evaluated and scored using the five criteria approved by the Regional
Transportation Council. This process is briefly outlined below:
Cost-Effectiveness
Current cost-effectiveness of roaaway projects was calculated by estimating the travel time
savings of motorists using the proposed facility if it were built today. Travet time savings of
new facilities was estimated from the average travel time saved by motorists traveling similar
facilities in areas where the new facilities would be built. Future cost-effectiveness was
caicuiated by estimating the travel time savings of motonsts using the proposed facility if it
were built in the future (year 2010). Cost-effectiveness is a function of annual travel time
benefits (hours of travel saved " value of time) and the total annualized dollar cost of making
the proposed roadway improvements. A maximum 25- and 20-point rating scale was used to
determine the scores for projects. for the 1993 TIP under the current and future
cost-effectiveness criteria. respectively. As noted previously, these cntena have been refined
in the 1995 TIP development process. Tables 7 and 8 contain the new cnteria and maximum
point ratings. Detailed assumptions are contained in Table 9.
1.29
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TABLE 9
CALCULATION OF BENEFITICOST RATIO
FOR ARTERIAL WIDENINGS
ASSUMPTIONS:
EQUATIONS:
Benefit/Cost Ratio
Annualized Total Project Costs
Annualized Travel Time Savings
Daily Travel Time Savings
DDHV
= Annuallzed Travel Time Savings ($)
Annualized Total Project Costs
= Total Project Costs * Capital Recovery Factor
@ 6 Percent for 40 Years
= Daily Travel Time Savings (Personal.Hours) * Value
of Time * Number of Days/Year
= Directional Design Houry Volume (DDHV) * Auto
Occupancy " Reduction in Delay Due to Road
Widening * Hours of Congestion/Day
Equivalent Peak-Hour Volume Factor* Peak-Hour
Directional Split * Truck Factor * 24-Hour Traffic
Volumes
1.33
Cost of Congestion/Person Hour = $8.92
Average Auto Occupancy = 1.20
Number of Days/Year = 260
Capital Recovery Factor for 40 Years @ = 0.06646
6 Percent
Truck Factor - 1.0
Peak-Hour Directional Split = 60 Percent
Equivalent Peak-Hour Volume Factor = 10 Percent (DDHV Factor = 06)
Free Speeds = 90 Percent of Speed Limits
Delay/Mile (in minutes) = 0.015 * Exp. (4.0 * V/C)
Hours of Congestion/Day = 8.33
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Air Quality/Energy Conservation
Air cuality cenefits were ca:culatec from the difference in vehicle emissions caused by an
imc-ovement in venicle speeds due to the construction of the proposed roadway facility in
.193. Reduced network circuity with the implementation of new roadway facilities also
decreases vehicle miles of travel and mobile source emissions. Vehicle emissions are a
function c vehicle miles of travel (VMT) and volatile organic compounds (VOC) emissions per
VMT at different vehicle speeds.
Project Commitment/Local Cost Participation
Local cost participation was calculated as a ratio of local funds available and total project cost.
Project submittal forms were consulted for comments to determine Principal Arterial Street
System/Fecerai Aid Urban System (PASS/FAUS), thoroughfare plan, and Minute Order
projects. Projects were scored using the appropnate rating scales and given the higher score
of either local cost participation or project commitment. When this cntena was revised for the
1995 TiP, :,he numoer of cints Decame proportional to local cost as a percent of the total
project cost.
Intermodal/Multimodal Projects/Social Mobility
Road,,vav cpacitv morovement crojects ,were assumed to support mainly single-occupancy
vehicle travel and were assioned a score of 0.
Evaluation Process for Transit. Travel Demand Management. and Miscellaneous
Transit Croects were evaluatea for cost-effectiveness by determining the vehicle-hours
removea from the main traffic stream. This is different than travel time savings methodologies
usea for roaoway projects in that 1he users of the project or program do not. in most cases,
receive any travel time savings. These types of projects could not be evaluated using the
traditional travel time savings methodology. However, there are obvious benefits to these
types cf crojects such as reducing vehicle travel and reducing congestion The procedure
usea was to determine tne number of person-hours of travel removed from the main traffic
stream for each project. This value was multiplied by the value of time and annualized. The
total cost of the pro!ect vwas then annualized using the capital recovery factor for an
appropnate number of years. The annual benefits were divided by the annual cost to amve at
:he benefi tcost (BE!C ratio for that pro!ect. For these projects. the current and future B/C ratios
were eacual to the calculatea ratio.
The air quality benefits were similarly evaluated using the VOC reduction of the vehicle-miles
removea from the main traffic stream The annual cost was divided by the annual VOC
reduction :o cetermine mne cost-effectiveness cf the emission reduction For cetailed
assumr::cns. see Table 12
!. 3ý4
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TABLE 10
DETAILED ASSUMPTIONS FOR EVALUATION OF TRANSIT,
TRAVEL DEMAND MANAGEMENT, AND MISCELLANEOUS PROJECTS
NOTE. Values for each project are used as appropnate for the type of project.
1.35
COST-EFFECTIVENESS FOR TRANSIT. TRAVEL DEMAND MANAGEMENT.
MISCELLANEOUS
- Person hours removed from roadway
PHRS Saved = V x AO x TL x Days
YR SPD
where:V = volume (vehicles removea daily)
(in some cases. peak-penod)
AO = auto occupancy
TL = average trip length (miles)
Days = impacted days per year
SPD = speed of removed vehicles
AIR QUALITY BENEFITS OF TRANSIT. TDM. MISC.
- #HC removed from roadway
# removed =V x TL x [HCB - HCA)
where: HCx = #s HC @ a given speed per vehicle-mile before & after
(after may be 0 in many cases)
ASSUMPTIONS:
Auto Occupancy = 1.0-1.3
Trip Length = 7-15 miles
Days/Yr = 260-300
Speed = 15-50 mph
HCx = 1.3-3 g/mi
Cost Recovery Factor = 0.2374- 06646 (5-40 yrs)
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Evaluation Process for HOV Lanes
High occupancy vehicle (HOV) lanes were evaluated using a traditional travel time savings
method. Using data obtained from the existing R.L. Thornton HOV lane and each comndors
projected HOV volume. the travel time savings for HOV users (auto and bus) was calculated in
terms of person-hours saved. The travel time savings was multiplied by the value of time and
annualized. The total cost of the project was then annualized using the capital recovery factor
for an appropriate number of years. The annual benefits were divided by the annual cost to
arrive at the benefit/cost ratio for that project. For these projects, the current and future B/C
ratios were equal to the calculated ratio.
The air quality benefits were similarly evaluated using the VOC reduction of the vehicles on the
HOV lanes due to the increased speed and auto occupancy. The annual cost was divided by
the annual VOC reduction to determine the cost-effectiveness of the emission reduction.
Evaluation Process for Intersection Improvements
intersections were evaluated using a traditional travel time savings method. Using the total
:raffic volume vassing through the intersection, assuming a 0.1 mile intersection approach and
an average travel speed through the intersection before the improvement was made, the
average person-hours of travel before the improvement was determined. Next, depending on
the type of intersection improvement, a new speed was used to determine the average
person-hours of travel after the improvement was made. For new grade separations, the same
methodology was usea with a longer approach length and a higher final speed. The
person-hours reduced was then multiplied by the value of time and annualized. The total cost
of the project was then annualized using the capital recovery factor for an appropriate number
of years. The annual benefits were divided by the annual cost to arrive at the benefit/cost ratio
for that project. For these projects. the current and future B/C ratios were calculated
;noividuaily using current and future traffic volumes.
The air cuality cenefits were similarly evaluated using the VOC reduction of the vehicles
passing througn the intersection due to the increased speed. The annual cost was divided by
the annual VOC reauctlOn to cetermine the cost-effectiveness of VOC reduction.
Evaluation Process for Bicycle Mobility Projects and Other Miscellaneous'
Enhancements
Cost-Effectiveness
Bicvc:e transportation cro!ects were evaluated for cost-effectiveness by estimating the venicle
hours of travel that wouid be removeo from congested vehicular traffic flow. The projects were
located by area type ana congestion level. If a project was not in a relatively congested part of
the fcur-county area. ;: was not scored for present or future year cost benefit because of the
:ack of moc;lity Leneit:s For o;cycle crojects in congested areas, the number of persons
exoosed to the DcVc!e facl:tv '.'as calcucated for each project by using the average population
ce'ns;:t for eacn area :*'ce ano :he iengtn of the proposed project. To then convert the
1.36
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exposea -opuiation to bicycle vehicie hours of travel, an average round trip length of twice the
project length or seven miles. whichever was less. was assumed. along with a bicycle mode
share of 1 percent. This estimate of bicycle travel was then multiplied by the value of time and
annualized and compared with an annualized estimate of the total project cost. A project life
of 20 years was assumed for all proposed bicycle projects. The benefit/cost ratio for the
present and future years was determined and varied by the change in population density and
area type that is anticipated between now and the year 2010. Miscellaneous enhancement
projects that provided no mobility benefits to the congested vehicular traffic areas of the region
receivea no points under the cost-effectiveness criteria. Detailed assumptions are provided as
Table 11.
Air Quality/Energy Conservation
The estimates of bicycle vehicle miles developed for the cost-effectiveness calculations were
used to calculate the air quality benefits for each congested area project. It was assumed that
the bicycle trips were replacing a roadway trip that would travel an average of 30 miles per
hour. resulting in a certain level of VOC emissions reduced. The annual project cost was then
divided by the pounds of VOC reduced to obtain the air quality score for the project. Again,
miscellaneous enhancement projects that provided no mobility benefits to congested areas of
the region received no points under the air quality criteria.
Local Cost Participation/Project Commitment
Irregardless of the location of a project, if the submittal included any indication that the project
was contained in an approved bicycle' or city park plan or that any local funds were committed
to the project, the appropriate score was given for the level of commitment indicated. Bicycle
plans cr c:ty park plans were assumed to be equivalent to council-approved transportation
plans ano given ten points.
Intermodal/Multimodal Projects/Social Mobility
Projects including bicycle or pedestnan improvements, irregardless of their location in the
four-countv area. or those facilitating Intermodal connections were scored accordingly.
COST OVERRUNS AND PROGRAM AMENDMENTS
The 1995 Transoonation improvement Program list of projects is constrained against available
resources. In aadition. all proiects in Year 1 are of equal high pnonty. Since the Program is
balancec to available resources, cost overruns would result in the potential of high priority
projects ceing delayed into Year 2. Several other types of actions result in the need to have a
dynamic TiP monitonng program. Such items as cost underruns, local governments unable to
meet local match requirements. lawsuits, delays in right-of-way or utility clearances, and local
governments no: endorsing eIther federal environmental or State design reoutrements and
wishing #; pursue the project with local funds are.additional examples of potential changes that
could cccur cunng the TIP implementation process.
1.37
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TABLE 11
DETAILED ASSUMPTIONS FOR EVALUATION OF BICYCLE MOBILITY PROJECTS
Calculation of Bicycle Miles of Travel Based On:
-1986 and 2010 population density by area type
-round trip length of seven miles or twice the project length, whichever was less
-area exposed to bicycle facility equal to a one-mile radius surrounding the project
-bicycle mode share of 1 percent
Calculation of Bicycle Vehicle Hours of Travel Based On:
-average bicycle speed
Calculation of Bicycle Benefits Based On:
.l
-value of time of $8.92 per hour
-annualized assuming 260 travel days per year
Calculation of Annual Bicvyce Proiect Cost Based On:
-project life of 20 years
-capital recovery factor of 0.08718
Calculation of Air Quality Benefits Based On:
-average speed of vehicles being removed from roadway traffic assumed at 30 mph
-factor of pounds of HC reduced at 30 mph of 0.00402
1.38
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The current policy of the RTC Is higher scored projects wiil be implemented first only if early
construction is feasible and funding caos are not violated. Therefore. changes listed above
couid lead to projects being expedited or delayed. Diligent monitoring with frequent regular
briefings to the Regional Transportation Councii is essential. The following RTC policy permits
administrative amendments to the TIP by the NCTCOG Director of Transportation between
regularly scheduled RTC meetings:
Project included in the first three years of the TIP may be amended by the RTC at any
time. Revisions are usually first submitted for review by the Surface Transportation
Technical Committee or the Travel Demand Management Committee. The Technical
Committees recommend a position on each revision to the RTC. The RTC then acts o'6K-
the Committees' recommendations.
A revision can be submitted directly to the RTC to preclude the normal review
processing sequence if raoid turnaround is important. If the project is approved by the
RTC, it is submitted to GARC for TRACS review and then to the Executive Board for
final action.
The TIP is intended to ce a current and accurate listing of transportation projects
proposed for federal funcing. This document is using by federal agencies to assure
that local governments support projects for which federal funding has been requested.
Timely revisions to the TIP are important to avoid funding delays. Therefore. the RTC
has endorsed the following administrative amendment policy.
Administrative amendments are permitted:
* For up to 20 percent of any project up to $3,000,000 and
* For up to 15 percent of any project over S3,000.000.
Administrative amenaments would not be permitted in the following situations:
* Adding a previously unorogrammea project
* Completely eliminating or deleting a project
* Substantially changing the nature of a project
It may be necessary to cnange the pnonty of a project under cost overrun conditions.
However, federal law only allows pnonties to change during the course of the fiscal year for
projects listed in the first three years of the TIP. Furthermore. TxDOT would first permit higher
spending for the MPO from TxDOT funoing caps. All efforts would be made to fund any cost
overruns through existing TIP surplus before delaying other projects. Both STTC and the RTC
would be notified of an administrative amendment at their next meeting.
1.39
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APPENDIX D
CMAQ Projects Included in the Dallas-Fort Worth 1995 TIP
(project scores, funding sources)
Note: projects for Eastern and Western Sub-regions presented separately
Source: Texas No. 4, pages 1-5 to 1-17, 1-20 to 1-28.
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APPENDIX E
Examples of Assumptions/Calculations Made to Analyze CMAQ Projects During Dallas-
Fort Worth's 1995 TIP Process
(bikeways, bike storage projects, and intersection improvements)
Source: Texas No. 2.
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CONGESTION MITIGATION AND AIR QUAUTY IMPROVEMENT PROGRAM
ASSUMPTIONS AND CALCULATIONS
FOR BICYCLE FACILITIES AND RELATED. PROJECTS
PROJECT EVALUATION ASSUMPTIONS
* Assumed cold starts in caculaton of emission benefits
* Assumed round tnp length of the minimum of 10 miles or twice the project lengtu
* Assumed speed of travelers being removed from roadway is 30 mpn
" Assumed value of time of S9lhour
* Assumed design life of bikeway is 20 years
* Assumed design life of bike storage or parfong facilities is 10 years
* Assumed exposure area of bikeway equal to (lengtl of project x 2 mitesl. wnicn
represents a one-mile raaius on either side of bikeway
•* ssumed ooDulation exoosea to oikeway vanes oy area type ct arotect :ccaticn"
Area Type Land Use Population Oensrty (personsisq. mlte)
1 CBD 838
2 CBD Fringe - 1809
3 Urban 3753
4 Suburban 1897
5 Rurai 241
* Assumea 25 percent occupancy rate for bike pariang/storage facilities
* Assumed one percent bike mode share for catculating work trip bikeway users inmucd
by new bikeway; this was applied to population exposed to bikeway
PROJECT CALCULATIONS
i. I1KEWAYS
A. Critena 1: Currunt Cost Effectiveness
1. Bikeway VHT Saved:
((n00o lensrsl x (Df I, Iei'th1 X (2 m In x (fYm.,ltM um of (10 m of 12 x oro: ,rnmll t0 01 "' ne)e Am"n .30 mpn
2. Annual Blkeway fenefit ($) Sayed
(VHT saved) x (SS/hour) x (2(0 days/year)
Annual benefit divided by annual cost (based on cosign life) gives E/C ratio
used to score cost-effectiveness crteria.
416
8. Criteria 2: Air QuaiitviEnergy Conservation Rating
1. Bikewav Vehicle Miles of Travel (VMT) Savea:
:poo censrit) x (prol. Iingm) x (2 mtr) x Iminimum o! (10 rt or 12 x prol. Lengtm))) c;o 01 nooe snarel
2. Emission Factor Acccunting for Cold Starts'
30 mpn factor = (originai emission factor) x 1.46 a 2.541 x 1.48 = 3.710 grms mice
* Cold start factor based on EPA MOBILE5a model using 100 percent cold
starts.
* VOC reductons calculated as VMT x Emission Factor.
* Annual cost divided by the VOC reauction provides input tc cetermine
Crltena 2.
C. Critena 3: Project Comrnmitment/Llcal Cost Participation
* A 20 ercent mintimum cmmitment :s requirea cf all crotect.
* Adaltional commitment eams additional omints
O. Critena 4, Intermordal/MultimodaUSocial Mobility Rating
* ACtiOns prcmoting singie occupant venirce modes score no points
* 20 points is awarded for activities promoting multimooalism (tnclucing oikeways)
E. Crtteria 5: Congestion Management Strategies (CMSTransportation Control
Measures (TCM)
. Projects score 20 ocints if they are in the CMS cr State Imolementution P'.-n FCMs
(including ::kewavs ana related prolects1
ii. BIKE STORAGE PROJECTS
* Calculations to deterrnine scores for bike storage projects are similar to those used for
bikeways.
A. BIke Storage VHT Savea:
lng term or wrk trip related parkinQ spots) x (0 25 occupancy) x (10 mile round t!np ienftl)
30 mpn
8. BikeC Storacq Annual Benefit:
(Bike Storage VHT) A ($9/hour) x t260 dayslyear)
C. Bike Storage VMT S3ved:
'ong term or wort related partung spotS) x (0.25 occuoancy) x (10 miie rouna fno Ienan)
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AIR ClUALME COYNSERVAflON RATING
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APPENDIX G
Federal and State Transportation Control Measures Included in the
San Francisco Bay Area's 1994 Regional Transportation Plan
Source: San Francisco No. 3, pages C-1 to C-5.
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Attachment C: Federal and State Transportation Control Measures
Table C-1: Transportation Control Measures From the
1982 Federal Air Quality Plan for the Bay Area
FEDERAL TCMs DESCRIPTION
TCM 1 Reaffirm commitment to 28% Increase transit ridership according to the
transit ridership increase between transit operator's five-year plans.
1978 and 1983.
TCM 2 Support post-1983 improvements The goal for this TCM is to increase ridership by
identified in the operator's five- 15% between 1982/83 and 1987/88. f
year plans, and, after consultation
with the operators, adopt
ridership increase target for the
period 1983 through 1987.
TCM 3 Seek to expand and improve This TCM is to upgrade and expand transit
public transit beyond committed service between the years 1982/83 and 1987/88.
levels. The goal was to increase the combined fleet size
of the nine major operators by 15% during this
period.
TCM 4 Continue to support Implement HOV lanes where justified on a
development of High Occupancy case-by-case basis; also includes highway ramp
Vehicle (HOV) lanes. meters with HOV bypass lanes.
TCM 5 Continues to support RIDES Support for RIDES efforts in regionwide
efforts. commuter matching services, vanpooling and
employer services designed to encourage
employees to participate in ridesharing
activities.
TCM 6 Continue efforts to obtain Covers the funding and implementation of the
funding to support long-range Guadalupe light-rail transit in Santa Clara
transit improvements. County and BART extensions to North
Concord and Warm Springs (in Fremont).
TCM 7 Reaffirm commitment to Support the development of park-and-ride lots,
preferential parking program. where commuters can leave their cars and
complete trips by other modes.
TCM 8 Encourage transit operators to Applies to Caltrans' joint use park-and-ride
work with Caltrans to identify program to establish lots in existing private
underutilized lots along major parking areas; includes the goal of 14 new lots
transit lines that could be used as per year.
park-and-ride lots.
TCM 9 Expand Commute Alternatives Encourages employers to promote alternatives
Program. to commuting in the single-occupant vehicle.
Includes funding to conduct employer
transportation coordinator training classes,
market ridesharing to the media and
employers, and outreach programs to
A employers.
continued ...
1994 Regional Transportation Plan C-1 June 22, 1994
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Table C-1: Transportation Control Measures From the
1982 Federal Air Quality Plan for the Bay Area
TCM Develop Information Program This TCM consists of providing information to
10 for Local Governments local governments and developers detailing the
role of local governments in addressing
commute transportation and providing
technical assistance.
TCM Gasoline Conservation and The GasCap program was funded by the
11 Awareness Program (GasCap) California Energy Commission, sponsored by
Caltrans and administered by the West Valley
College. It entailed a training program oriented
towards large vehicle fleets to teach proper
driving techniques, vehicle maintenance and
trip planning. It was discontinued in 1984.
TCM Santa Clara Commuter This TCM consists of the commuter program
12 Transportation Program adopted by Santa Clara County in 1982. Is
consists of a ridesharing program, express bus
service, park-and-ride lots, upgrading Southern
Pacific (CalTrain) service and HOV lanes
Federal Air Quality
Contingency Transportation Control Measures
TCM Increase bridge tolls to $1.00 on all Would raise tolls to $1.00 on the Antioch, Bay,
13 bridges. Benicia and Carquinez bridges.
TCM Bay Bridge surcharge of $1.00 Increase Bay Bridge toll to $2.00 to discourage
14 single occupant automobile use and improve
transit.
TCM Increase state gas tax by 9 cents Raise State gasoline taxes from 9 cents to 18
15 cents per gallon. This measure takes credit for
emission reductions due to a full 9 cent
increase, phased in by 1995.
TCM Implement MTC Resolution No. Compilete the $3.5 billion, 6 rail extension
16 1876, Revised-New Rail Starts program by securing State and Federal funds for
Agreement program. Only takes credit for emission
reduction from a future BART extension to
Colma.
TCM Continue post-earthquake transit Continuation of ferry service initiated after the
17 service October 1989 earthquake and the expanded
BART peak period service.
TCM Sacramento-Bay Area Amtrak Implement near-term improvements
18 service recommended in ACR 132 Rail Study.
Assumes three trains in each direction between
Sacramento and the Bay Area.
TCM Upgrade CalTrain service Increase service frequency to 66 trains per day.
19 Extend service to Gilroy.
continued ...
1994 Regional Transportation Plan C-2 June 22, 1994
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Table C-1: Federal Air Quality
Contingency Transportation Control Measures
1994 Regional Transportation Planit
TCM Regional High Occupancy Expand and improve HOV concept first
20 Vehicle (HOV) Lane System Plan proposed in TCM 4 by developing and
implementing the HOV Lane Master Plan.
Includes 221 directional miles of HOV lanes.
TCM Regional Transit Coordination Includes multiple coordination initiatives: fare
21 coordination, service coordination.
TCM Expand Regional Transit Expand on-going MTC program to provide a
22 Connection (RTC) ticket regional clearinghouse for sale of transit tickets
distribution to employers; encourage employers to subsidize
tickets.
TCM Employer audits Development of a program to review the TSM
23 programs of selected employers in the region
and to suggest actions to enhance programs.
Will target specific large or mid-size employers
and small employers for improved commute
alternatives program.
TCM Expand signal timing program to Establishes a program to provide technical
24 new cities assistance to cities in the form of traffic
monitoring, design of signal timing plans, and
hardware improvements.
TCM Maintain existing signal timing Involves the provision of technical assistance
25 programs for local streets to cities for periodic program adjustments and
coordination with adjacent cities.
TCM Incident management on Bay' Incident management is part of Caltrans'
26 Area freeways Traffic Operations Systems (TOS). Assumes
emission reductions from the initial phases of
TOS on the approaches to the Bay Bridge.
TCM Update MTC guidance on MTC report "Key Considerations for
27 development of local TSM Developing Local Government TSM Programs"
programs (December 1988) contains guidance on
developing TSM programs and would be
updated.
TCM Local Transportation Systems This TCM accounts for effects of new
28 Management (TSM) initiatives initiatives, such as Golden Triangle Task Force
and Contra Costa County Growth Management
Program.
C-3 June 22, 1994
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Table C-2: Transportation Control Measures Adopted by the
Bay Area Air Quality Management District as part of the
Bay Area Clean Air Plan to Meet the California Clean Air Act
STATE TCMs DESCRIPTION
TCM 1 Expand employer assistance Assist with training employee transportation
programs coordinators and city/county transportation
demand management coordinators; with
starting-up transportation management
associations; and with telecommuting
programs, employee commute surveys,
vanpool programs.
TCM 2 Adopt employer-based trip BAAQMD to develop and adopt regional
reduction rule employer-based trip reduction rule.
TCM 3 Improve areawide transit service Increase local bus service; continue post-
earthquake increase in BART service; expand
rail service; upgrade CalTrain service; convert
transit buses to clean fuel vehicles.
TCM 4 Expedite and expand regional rail Based on MTC Resolution 1876.
agreement
TCM 5 Improve access to rail and ferry Improve feeder bus service and bicycle access; at
transit stations transit stations add parking and encourage
preferential parking for electric vehicles; add
private shuttles from transit stations to
employment centers.
TCM 6 Improve intercity rail service Implement new intercity rail service in
Auburn-Sacramento-Oakland-San Jose corridor
TCM 7 Improve ferry service Per MTC Regional Ferry Plan.
TCM 8 Construct carpool/express bus Would expand existing 80 lane miles to ..
lanes on freeways, based on 2005 lane miles over next 15 years; impiement park-
HOV Lane Master Plan and-ride lots, special HOV ramps, and express
bus service.
TCM 9 Improve bicycle access and Establish Bicycle Advisory Committees and
facilities comprehensive bicycle plans; encourage bicycles
on transit vehicles and on all bridges;
encourage employers and developers to
provide bicycle access and facilities.
TCM Youth transportation Allocate funds for discount youth transit
10 tickets; encourage carpooling among students;
convert school buses to clean-fuel vehicles.
TCM Install freeway Traffic Operations Implement TOS, which includes traffic
11 System (TOS) surveillance, traffic advisory signs, incident
management, ramp metering; develop
automated electronic toll collection facilities.
TCM Improve arterial traffic Expand local signal timing programs for cities;
12 management study signal pre-emption for buses; develop
SMART streets to serve as reliever routes for
congested freeways.
continued ...
1994 Regional Transportation Plan C-4 June 22, 1994
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Table C-2: Transportation Control Measures Adopted by the
Bay Area Air Quality Management District as part of the
Bay Area Clean Air Plan to Meet the California Clean Air Act
1994 Regional Transportation Plan
TCM Transit use incentives Improve coordination between transit
13 operators regarding routes, schedules, transfers,
fares; expand distribution of transit passes and
tickets; promote free feeder bus service to
BART, CalTrain and ferries; consider fare
reductions on off-peak.
TCM Vanpool liability insurance Assess vanpool market; consider need for
14 publicly funded vanpool insurance program.
TCM Provide financial carpool Encourage employers to provide subsidies and
15 incentives incentives for ridesharing; support federal and
state legislation to increase tax incentives for
ridesharing and transit.
TCM Indirect source control program The BAAQMD to develop rules to reduce
16 vehicle trips to major activity centers such as
airports, arenas, universities, residential
development, shopping centers.
TCM Conduct public education To stress measures the individual can take to
17 program help improve air quality; implemented by
BAAQMD.
TCM Zoning for higher densities in Encourage cities and counties to promote high
18 vicinity of mass transit stations density, mixed-use development near transit
stations.
TCM Air quality elements for general To promote integration of land use,
19 plans transportation and air quality planning,
BAAQMD to work with cities and counties.
TCM Conduct demonstration projects Projects include telecommuting centers,
20 to develop new strategies for electronic toll collection, alternative fuel
reducing vehicle emissions vehicles.
TCM Implement revenue measures Develop revenue measures needed to fund
21 mobility improvements and user incentives.
TCM Implement market-based pricing Use revenues for transportation alternatives
22 measures and equity programs.
TCM Ozone excess "no drive days" Encourage public to reduce motor vehicle use
23 (voluntary) on days of predicted ozone exceedances.
C-5 June 22,1994
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APPENDIX H
List of Candidate TCMs for the
San Francisco Bay Area's 1990 Transportation Control Measure Plan
Source: San Francisco No. 1, appendices.
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Attachment A
SUGGESTED TRANSPORTATION CONTROL MEASURES LIST
(MTC Staff and Task Force Recommendations)
A. MARKETPLACE STRATEGIES: Economic Measures Which Affect How Autos are Used
and How Often
o Gas Tax increase
o Bridge toll increase
o Toll Roads
o Automated ("high tech") roadway user fee
o Smog fees based on auto emission levels .
o Parking: strategies to increase cost
- lot fees (sliding scale, long-term v. short-term differentials)
- levies on employer/commercial lots based on parking spaced used
o Auto.free/no parking zones (restrict market supply)
o Taxation policies
- tax credits for transit users, no-car households, those living close
to jobs, manufacturers that produce clean fuels, clean vehicles,
employees who don't drive, employers that don't provide parking
- increased taxes on autos: property taxes
o Increased auto fees
- registration fees
- fees for infrastructure, health/research costs
o Employer travel allowances for all modes, equally
o Auto insurance strategies
- rate decreases for alternative mode users
- rate decreases for short commutes
- rate increases on sliding scale for multi-vehicle owners
o Increased subsidies for transit: decreased fares
o Increased subsidies for carpool/vanpool
B. ENRTCHING COMMUTER OPT IONS: Expand Regional Transit and Ridesharing System
to Serve more Travellers
I. TRANSIT
o Extend regional transit systems; provide more passenger park-ing and
feeder service
o Establish inter-regional rail service
o Increase service effectiveness of transit
- decrease speeds/travel time/transfer time
- increase reliability and frequency
- increase convenience (reduce transfers, single pass instrument among
systems)
- increase amenities (e.g. "first-class" service: price upwards
accordingly)
o Consolidate transit services
o Increase cost-effectiveness through competitive bidding
o Expand and restructure local and off-peak transit services
*.5784c,/l
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2. RIDESHARING and TRIP 'PANNNG""' 'ORDATIO
Construct Regional HOV System
Increase carpool/vanpool provider options
- vendor support
- trial/demonstration vehicles available to new poolers
- vanpool insurance pool
- casual carpooling coordiantion/facilities
Preferential Parking for HOVs
Shuttle service between auxillary services and employment sites
Employer Programs with various levels of participation
- information and.marketing services
- active assistance (ride broker on-site, ride matching)
- operational assistance (vanpool vehicles, shuttle transit pass
sales, guaranteed ride home, auxillary services, bike facilities)
- subsidies (preferential parking for HOVs, transit subsidies,
vans/fleet vehicles)
- alternative work policies (staggered or compressed work weeks, flex
time, work at home or telecommuting)
Guaranteed ride home for pool participants
.Expand RIDES' matching capabilities and services to employers
Centralize ridematching services at employer sites
Expand park and ride lots; place services closer to lots
Aggressive marketing of all alternative modes (including public media
advertising)
In-home ridematching (computer access); more retail outlets
Personalized ridematching and trip making services (by carpool or
alternative mode)
Employer in-house trip coordination (errands, meetings)
Public meetinas at transit accessible locations
Fleet vehicles at employment site
BICYCLES
Provioe city Dicycie patns ana Dicycle streets;regional DiKe route syst
Increase bicycle parking, storage and security facilities
Bikes on buses/rail transit
Desiqnated bicycle days
4. OTHER OPTIONS
Increased water transit options
Pedestrian priorities policies- urban design (e.g. no limits like
pedestrian control signals)
iaxi reTorms: increase service availability
School buses/ridesharing for children
C. MANAGE CQNGESTTYO : Manage freeways and local streets to reduce congestion
o Implement Traffic Operations System (TOS) for highways
- incident manage.-ent
- ramp metering
- message signs/:raffic advisories
o Improve alternative routes for short trips
o Coordinate signal timing on local street systems
o. Improve freeways raps and merges
o0 Eliminate bottlenecK:s on existing freeway system
o Visual barriers on :re"e.:,'s to eliminate "driver gawking"
CI ' I · J ) · 1 I ( I · r , ·
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o HOVs on local streets and arterials
o Increased crackdown on double parking
o "Don't block the intersection" rules
o Change trucking delivery schedules
o Separate HOV lanes for buses v. carpools
o "Smart roads"
o More public info regarding timed signals (directional signs)
o Regulate timing of major event trip attractors (i.e. sporting events) to
avoid peak hour rush
o Bus/transit signal preemption
o Transportation Management Program (TMP) during road construction
o Permanent TMP programs (don't 'just implement during construction as
mitigation measures)
o Staggered school v. commute start times
o CHP pace cars
o Restrict weaving
o Better driver education: harder tests; more frequent driving tests
o Flexible/staggered work hours
D. REGULATE DRIVING
I. LIMIT AUTOMOSILE USAGE
o Control gasoline supply
o Limit car registration in the region
o Assign driving days
o Force phase out of older cars
o Require stringent employer commute alternative programs
o Control truck traffic
- off-peak delivery and pick-up
- voluntary v. mandatory programs
o Restrict older (more polluting) car usage
- Buy-back of older cars
- Annual I&M program
- Flat registration fees on cars or increased registration fee on
older models
- Citations for "smoking" vehicles
o Reduce ownership of vehicles (e.g. prohibit extra cars)
2. LIMIT DRIVERS
o Restrict DIV Licensing: deny license after certain number-of accidents/
restrict driving to off-peak hours
o Smart drivers: improve driver education
o Limit parking availability
E. AUTO FAC!LITIES RESTRICTIONS
Limit further highway expansion
Limit Darking space in the region
- Limited parking balanced with alternative option/access
- Revisions in parking codes
- Developer parking caps
- "Buy back" parking space/ convert to other uses
- Hunicipally controlled parking (objective: easier control and
reculation of lots)
432
F. TECHNOLOGICAL FIXES
1. CAR TECHNOLCOY
Stronger Inspection and Maintenance Program/Emission Standards
Weight and engine redesigns (including electric vehicles)
Hitigate "cold start"effects
2. FUEL TECHNOLOGY
Use oxygenated fuels
Use alternative fuels
Reduce toxicity of diesel fuel
3. TELECOMMUNICATIONS
Hork at home
Integration of "techno alternatives" into organizational-philosophy (i.e.
telecommuting programs and training)
G. EDUCATION ANID INFORM"ATION...
toucation re: auto use, healtn, ano the environment
Education on economics of long commute, "budgeting" travel, the
advantages of trip linking; real. costs of auto usage (health, etc.)
City sponsored transit fairs
School curriculum to include alt. modes; classes and field trips by
public transit
Regional transit information centers
Computerized trip makina info., air aualitv info.
H. GROWITH MANAGEMENT AND LAND USE
o Enact "Balanced Growth" Ordinances-- provide local housing before adding
new jobs
Jobs/housing balance (balanced by income ("affordability"), as well as
geographically)
Building permits conditioned on alternative mode programs
Improved transit access between jobs and housing
"Acceptable" transit infrastructure in neighborhoods
Improved pedestrian access/improved site design
Electric vehicle zones in commercial developments
Mixed use development supporting transit use
Increased densities; in-fill development (residential and non-residential)
Tax revenue sharing to balance residential/non-residential development,
and high/low density housing
Regional approval of development
Plan location/schedule construction of transit access prior to completing
new development
Developer bids: meet conditions for accessibility to alt. modes.
Land use conversions to provide more houising in job-rich areas and jobs
in housinc-rich areas
Modify zoning recglations to encourage mixed-use developments along
transit corridors
Local hiring pref-rence
Site design: to su;•ort'alternatives to auto
0
0
0
0
0
0
0
O
0
o
o
o
o
o
- .. w .. . ..... .......
2. 
FUEL TECHNOLOGY
,,
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APPENDIX I
Emission Reduction Potential of TCMs and Contingency Plan of
San Francisco Bay Area's 1990 Transportation Control Measure Plan
Referred to on page 83.
Source: San Francisco No. 2, pages 35 to 41.
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APPENDIX J
Phase 3 of the Boston PMT Development Process
Source: Boston No. 9, appendix F.
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Appendix F
Project Characteristics, Performance
Measures and Evaluation Criteria
During the 18 months of the PMT Update process, over 70 potential expansions or changes to
MBTA and MBTA-related services were examined in detail. This examination consisted
of the determination of projected ridership for each project in 2020,1 operating and capital
costs, fare revenue, and service, traffic and air quality impacts. Each project was then
evaluated based on a number of measures addressing utilization, cost-effectiveness, and a
number of financial, air quality, and other impacts. This appendix describes thhe
evaluation process, and describes and presents all of the project characteristics,
performance measures, and qualitative rankings developed for each project examined in
the PMT. (Appendix G describes the interpretation of these data, and conclusions, on a
project-by-project basis.)
Evaluation Process
The evaluation of projects generally consisted of five steps: (1) project definition, (2)
determination of project characteristics, (3) calculation of performance measures and the
development of qualitative rankings, (4) interpretation of data, and (5) conclusions. For
most projects, new data was developed or existing data was updated. 2 Each step consisted of
the following:
i. Project Definition The first step was to define the assumed physical and operating
attributes of each project. This included the mode, alignment, station locations. level
of service, span of service, and changes in connecting and parallel services. For
1Note that through most of the PMT process, ridership estimates were produced for 2010. To
provide for consistency with Regional and State Transportation plans, these estimates
have been updated to reflect MAPC and CTPS projections of population, employment, and
travel for 2020. (See also Appendix E.)
2 Exceptions were Washington Street Replacement Service, Old Colony Commuter Rail
Restoration, and South Boston Piers Transitway, and the North Station - South Station Rail
Link. For the first three projects, which were "base case" projects, information for the
EIR/ENFs is presented but no additional analysis was conducted. For the Rail Link,
information developed by the Central Artery Rail Link Task Force was used in the PMT
analysis.
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each project, the mode and alignment were chosen in specific terms. However,
station locations were more general, such as at a street intersection, rather than on a
certain parcel. Operating characteristics (level of service and span of service) were
generally defined to be the same as for other comparable services. Impacts on other
services, if any, were defined based on the judgments of MBTA and project staff. A
description of how each project was defined is included in Appendix G.
2. Determination of Project Characteristics A large number of "project
characteristics" were developed for each project. These characteristics, which are
described in detail in the next section, included projected ridership for each project
in 2020, operating and capital costs, fare revenue, and service, traffic and air quality
impacts. Some important notes about these figures are as follows:
- Ridership was projected using CTPS' Regional Transit Model as described in
Appendix E.
- Operating costs were developed based on actual 1991 MBTA operating costs,
allocated by mode on a cost per vehicle service hour basis. This information
was provided by the MBTA Budget office.
- Capital costs were developed using either unit costs derived from recently
implemented projects or from recent feasibility studies or EIRs. All capital
costs are presented in 1993 dollars.
- Fare revenue is estimated based on the projected ridership and 1993 average
fares for each mode and zone.
- Air quality impracts are based on estimates of VMT changes that were produced
during the ridership estimation process. (See Appendix H for additional
information on air quality issues.)
3. Calculation of Performance Measures/Development of Qualitative
Rankings Based on the ridership, cost, air quality, and other characteristics that
were developed for each project, a number of quantitative performance measures
were calculated. For issues for which quantitative measures could not be developed,
a number of qualitative measures and rankings were developed. Both the
quantitative and qualitative measures are described in detail in the Evaluation
Criteria section of this appendix.
4. Interpretation of Data Once project characteristics, performance measures, and
qualitative rankings had been developed, these data needed to be interpreted. With
the diversity of project types represented in the list of proposed changes and
expansions, not all of the evaluation criteria could be applied equally to all projects.
However, in most cases, the criteria that were considered to be the most important
were number of new transit trips, capital cost per new transit trip, net operating cost,
travel time savings, percent emissions reduction, and cost per kilogram of Volatile
Organic Compound (VOC) eliminated. The other factors were considered, especially
in cases where the above mentioned factors did not capture all of the salient
characteristics of a project (for example, in the restoration/replacement of trolley
service to Arborway), but not to as great an extent as the aforementioned measures.
The interpretation of the data and a discussion of the most important impacts of each
project is included in Appendix G.
5. Conclusions Based on the interpretation of the available information described in
step (4), conclusions were made as to each project's merit. These conclusions were
used to develop the recommend program described in the PMT report.
F-2
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It is important to note that projects were analyzed at level of. detail appropriate for systms
le~leT~iniiigj.The objective was to identify those projects that would appear-to be-the most
effective and worthy of further, more in-depth study. Many of the projects recommended in
the PMT require environmental impact and alternatives analysis before they can proceed
to design and construction.
It is also important to note that ridership projections, which are for the year 2020, depend to a
great extent, on growth in population and employment. If these projects were built
tomorrow, they would not achieve the ridership levels forecast by the regional model
because the projected growth has not yet occurred. Operating costs, on the other hand, are
presented in 1991 dollars, fare revenue figures are based on current (1993) fare levels, and
capital costs are in 1993 dollars. Implicit within the use of these figures is the assumption
that costs and fare revenue will increase at the same rate as inflation. Costs could rise
faster or slower than inflation depending on the wage rate, labor agreements, changes in
technical efficiencies in both construction and operations, and future fare increases.
Project Characteristics
A large number of quantitative project characteristics were developed for each project. As
shown in Table F-1 and described below, these focused on ridership, service levels,
operating and capital costs, fare revenue, air quality, traffic impacts, and service quality.
Table F-i contains all of the statistics associated with each project examined in the PMT.
The columns are as defined below.
Ridership
Total New Trips Total new trips attracted to the new/upgraded service or facility for
the year 2020. This includes both riders diverted from the auto mode and riders
diverted from other transit modes. Total new trips is equal to the total number of new
passenger boardings on the service, regardless of the direction of travel.
SNew Transit Trios The number of total new weekday transit trips on the
new/upgraded service or facility for the year 2020. This figure includes only riders
diverted from auto trips. It does not include any riders that may be diverted from
other transit modes.
* Auto Reduction The reduction in the number of automobile trips that occurs as a
result of the new/upgraded service or facility. This is the difference between the
amount of traffic projected for 2020 with and without the service, and is based on an
auto occupancy rate of 1.29 passengers per vehicle.
Amount of Service
Vehicle Service Miles This is the net change in service miles traveled by vehicles
offering the new service. A vehicle is defined as a single rail car or bus-a six-car
Red Line train traveling for one hour would accumulate six vehicle service hours.
F-3
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Vehicle Service Hours This is the net change in service hours performed by vehicles
offering the new service.
Costs/Revenues
* Total Cagital Cost The cost to construct the new facility or service, including vehicle
costs. The cost estimates are in 1993 dollars. The sources for the capital costs are
based on estimates from MBTA consultant studies, estimates from the MBTA, or
generated by CTPS using standard transit construction cost figures.
* Annualized Capital Cost The cost to maintain the facility on an ongoing basis.
These costs, also in 1993 dollars, were calculated using the life-cycle costing method
(see Chapter 6 for a full discussion).
* Annual Operating Cost The cost to operate the service. These figures were calculated
by multiplying the rnumber of vehicle service hours by the average hourly operating
cost for that mode of transit vehicle. The average costs were provided by the MBTA.
* Annual Fare Revenue The amount of fare revenue expected to be generated by the
new service. These figures were derived either through the regional model, or by
applying average fares to t he new ridership generated.
Air Quality
VOC Reduction The number of kilograms of volatile organic compounds estimated
to be eliminated by the project. These figures were derived by multiplying the
reduction in vehicle miles traveled by an emissions factor from Mobile5A. (For
further details, see Appendix H.)
Traffic
* VMT Reduction The number e miles traveled minat . wi ...
out of automobiles and onto the new service. This figure is calcuiact•. ; gional
model.
* VHT Reduction The number of vehicle hours of travel eliminated by drawing people
out of automobiles and onto the new service. This figure is calculated by the regional
model.
Service Quality
* Travel Time Savin2s The travel time savings that would be accrued by those transit
users in the year 2020 who would be on the system before the improvements are made.
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Evaluation Criteria
Using the project characteristics described in the previous section, a number of
quantitative performance measures were developed. In addition, in order to consider non-
quantitative impacts, a number of qualitative measures were also developed. As described
below, these quantitative and qualitative measures became the basis for the evaluation of
projects.
The use of the criteria was aimed at achieving the following objectives:
* Pursuing the most cost-effective of the proposed projects.
* Evaluating projects fairly and consistently.
* Using quantifiable performance-based standards to the maximum feasible extent.
The proposed performance measures were developed based on a number of considerations,
including the policies in the PMT Phase 2 report, consistency with other similar studies,
the intent of ISTEA, and the criteria used by MBTA Advisory Board's Capital Planning
Committee. The resulting performance tmeasures fall into nine categories: (1)
Utilization, (2) Cost-Effectiveness, (3) Financial Impacts, (4) Air Quality Impacts, (5)
Service Quality and Coverage, (6) Impact on Existing System, (7) Economic Impacts, (8)
Compatibility with Land Use Plans, and (9) Compatibility with Other Plans.
As mentioned above, the criteria that were considered to be the most important were number
of new transit trips, capital cost per new transit trip, net operating cost, travel time savings,
percent emissions reduction, and cost per kilogram of volatile organic compound
eliminated. The other factors were used to evaluate projects, but not to as great an extent.
In detail, the performance measures that were used were as described below. These
measures are presented on a project-by-project basis in Table F-2.
Utilization
* Tntl New Trios Total new trips attracted to the new/upgraded service or facility for
the year 2020. This includes both riders diverted from the auto mode and riders
diverted from other transit modes. Total new trips is equal to the total number of new
passenger boardings on the service, regardless of the direction of travel.
* New Transit Triot The number of total new weekday transit trips on the
new/upgraded service or facility for the year 2020. This figure includes only riders
diverted from auto trips. It does not include any riders that may be diverted from
other transit modes.
Riders!Vehicle Sorvice Ifour (VSH) and Riders/Vehicle Service Mile (VSM) These
two figures provide a measure of how well utilized a service would be. A vehicle is
defined as a single rail car or bus-a six-car Red Line train traveling for one hour
would accumulate six vehicle service hours.
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Cost-Effectiveness
* Farebox Ratio This figure, which equals fare revenue divided by the operating cost,
shows the cost-effectiveness of a project in terms of how much of the operating cost
would be recovered through fare revenue. The service being examined can be
compared to existing service on this basis. This measure only addresses the cost of
operating the service and does not take into account the cost of constructing it.
* Investment/New Daily Transit User This figure represents the total capital cost of a
project divided by the total number of individuals3 that would be drawn to the transit
system (out of automobiles) by the new service.
* Annualized Cost/New Daily Transit User This figure provides a measure of the total
cost of the project (operating and capital) on an annual, ongoing basis per individual
diverted from private automobiles. It is a measure of the cost of attracting new
riders.
* Annualized Cost/Hour of Travel Time Savings This figure provides a measure of
the total cost (operating and capital) per hour of travel time saved by existing riders.
It is a measure of the benefit of the project to existing riders.
* Annual Operatine Subsidv This figure represents the annual increase in operating
subsidies (not including debt service) that would be required to operate the new
service. It equals the operating cost of the project minus fare revenues that would be
generated.
Air Quality Impacts
* Percent Emissions Reduction This figure represents the percent reduction of
regional volatile organic compound emissions resulting from the project and the
ridership it attracts.
* Cranit Cost/Kc of VOC Eliminated This figure represents the capital cost to
eliminate one kilogram of VOC per weekday. It measures how cost-effective these
projects are as measures to improve regional air quality.
Service Quality and Coverage
.Most measures of service quality and coverage are subjective in nature. Certain
characteristics could be quantified, but in most cases, subjective judgments were made
based on a consensus judgment of the PMT Working Committee.
* Better Connections (Intermodalism) Improved connections between modes and
transit services would attract new transit riders and benefit existing riders. As
such, some of the benefits of these projects are addressed through the cost-
effectiveness measures described above. However, one of the key goals of ISTEA is to
promote the integration of various components of the transportation system. It is also
one of the policies from the Phase 2 report that is guiding Phase 3 effortq.
3The number of individuals was approximated by dividing total ridership by two.
F-1.1
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Examples of projects that would provide better connections would be the Red-Blue
Connector, the North Station-South Station Rail Link, improved roadway, pedestrian,
and bicycle access to stations, new Logan services, and additional park-and-ride
facilities.
In this category, a judgment was made on whether the new service improved
connections in terms of (1) no improvement, (2), small improvement, and (3)
significant improvement.
* System Accessibility All new projects must meet the requirements of the Americans
with Disabilities Act (ADA). However, some projects may have additional benefits
beyond accessibility of the individual project (for example, what would be the impact
on accessibility of replacing much of the existing Somerville bus service with a
Green or Blue line extension to Medford Hillside?) The impact of these types of
changes was rated in three categories: (1) no improvement or negative impact, (2),
small improvement, and (3) significant improvement.
* Distribution of Service Would there be an equitable distribution of service, and
would there be improved service to transit dependent populations? Judgments were
made based on characteristics of specific areas such as the amount of transit service
relative to total population and population density, transit miles to highway miles,
route miles per town, etc.
* nmet Needs Based on whether or not one or more unmet needs could be identified
that would be served, a judgment was made of: (1) no improvement, (2), small
improvement, and (3) significant improvement.
* Travel Time Savings A major impact of reducing in-vehicle travel times and
eliminating transfers is that service is improved for existing riders. This impact is
reflected in "Total Travel Time Savings" figure. However, the total does not show
the benefit on a per passenger basis, thus making it difficult to use this figure to
determine the benefit relative to other projects. To determine the relative benefits of
decreasing travel times, the travel time savings per existine trip was calculated.
From the resulting per trip figures, a judgment was made of (1) no improvement, (2),
small improvement, and (3) significant improvement based on relative differences.
For example, a Green Line extension of Medford Hillside would save 1,161 hours of
travel time each weekday for those who now make bus trips. For the 7,900 riders that
would shift from buses to the Green Line, each would save an average of nine
minutes per trip. This nine minute figure can be compared to the equivalent figure
for other projects.
* Safetv/Security Few, if any of the projects examined were aimed specifically at
safety or security. This instead was a secondary impact, with a judgment made of (1)
no improvement, (2), small improvement, and (3) significant improvement.
* Comfort/Convenience As with safety and security, few, if any of the projects were
aimed specifically at improving convenience and/or comfort. This also was a
secondary impact, with a judgment made of (1) no improvement, (2), small
improvement, and (3) significant improvement.
* rowding Impacts of the new service on crowding on other services were identified
(for example, the reduction in Green Line Central Subway crowding that would result
F-15
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from a Blue Line to Riverside). From this, a judgment was made of (1) no
improvement, (2), small improvement, and (3) significant improvement.
Impact on Existing System
Three criteria were used for this area, each with ranking categories of (1) negative impact,
(2) no impact, or (3) positive impact:
Preservation of Existing System Projects that would help preserve the existing
system could fall into a number of categories, such as station modernization, track
upgrades, equipment purchases, etc.
Preservation of Future Options This would include projects such as purchase of
abandoned rights-of-ways, construction of facilities designed to accommin d-te future
expansion, etc.
Efficiency/Effectiveness This would i.t,·c ~rojects that allowed an existing
service to be operated more efficie•:. " :, shifted ridership away from an
overcrowded service, etc.
Economic Impacts
Economic Development Potential Assessments of economic impacts refrct
judgments based upon the type of service and the areia served. - .::: e,._.... .
small positive impact, and (3) possible large i: mpact.
Potential for Private-Section Participation Assessments of potential for private-
sector involvement were subjective, with judgments made based upon the type of
service and the area served: (1) not likely (2), possible, and (3) likely. The private-
sector involvement considered in this category would be beyond typical involvement
such as design and construction.
Land Use Impacts
There are a number of differing perspectives on how transportation facilities and -
should guide and/or reflect land use. MAPC's Me!,--, 77J13U s eh 6 r  ai plan
that encourages compact development and discourages sprawl" development. The
relevant policies set forth in the PMT Phase 2 report are that new transportation services
should "encourage development in the urban core" and that "support compact
development." These policies are generally consistent with the goals of MetroPlan 2000,
although there can be differences of opinion as to which of the two policies is more
important and how the two are interpreted (for example, a commuter rail extension that
encourages urban core development can be viewed as discouraging compact development
in the suburbs). Given existing differences in opinion, the projects were evaluated
separately on their effects on the urban core and on compact development in the suburbs.
The impacts were assessed as (1) does not support, (2) supports moderately, and (3) supports
strongly.
F-16
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APPENDIX K
Example of How Boston's PMT Phase 3 Project Evaluation Process Applied to a Specific
Project
Source: Boston No. 9, p. G-31 to G-41.
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Framingham Line Improvements
Existing Service
Currently, the Framingham Line serves 12 stations (see Figure G-12). (Trains only stop at
Yawkey Station, near Fenway Park, shortly before and after Red Sox home games.) During
peak periods, peak-direction trains stop at all stations (except Yawkey) at headways of 30 to
35 minutes. Most AM peak outbound trains skip some or all intermediate stops.8 During
the mid-day, service operates at headways of one hour and 45 minutes to two hours, and all
trains stop at all stations. During the evenings, headways are up to two hours. All outbound
evening trains stop at all stations, but only the last two inbound evening trains do so.
Figure G-1 2
Framingham Line Service
YAWKEY
NEWTONVILLE BACK SOUTH
BAY STATIONWEST NEWTON
AUBURNDALE
WELLESLEY FARMS
WELLESLEY HILLSWELLESLEY SQUARE
NATICK
WEST NATICK.
FRAMINGHAM
PMT Alternatives
For the PMT analysis, three service expansion alternatives were examined:
1. A combination of faster running times, increased service levels, and express service on
the existing line.
2. An extension to Worcester, combined with faster running times, increased service
levels and express service.
3. An extension to Marlborough, combined with faster running times, increased service
levels, and express service on the existing line to Framingham.
8The first two outbound trips, at 5:00 and 5:20 AM, are essentially equipment-shifting
moves, required because there is no layover facility at Framingham. To avoid conflicts with
inbound schedules, the next three outbound trains have to use a track that has no access to
pltforms at some stations.
G-31
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1. Faster Running Times, Increased Service Levels,
and Express Service
The first alternative involves service improvements to the existing line. These include track
and right-of-way improvements to increase the maximum operating speed to 70 mph, the
operation of increased levels of service, and peak period express trains.
During peak periods, express trains would stop at the Framingham, West Natick, Natick,
Wellesley Square, Wellesley Hills, and Wellesley Farms stations, and then run non-stop to
Back Bay (see Figure G-13). Local trains would make all stops between Wellesley Farms and
South Station. Express and local trains would both operate at 30 minute headways. This
would result in 30 minute headways at all outer stations, except Wellesley Farms, where
headways would be 15 minutes. Train frequencies would be similar to the present ones at all
stations except Wellesley Farms, where service would double. During off-peak periods,
present schedules would be retained.
Figure G-1 3
Express/Local Service Configuration
NEWTONVILLE BACK SOUTH
WEST NEWTON• BAY STATION
AUBURNDALE
WELLESLEY FARMS
WELLESLEY HILLS
WELLESLEY SQUAR
NATICK
WEST NATIC
FRAMINGHAM
Table G-20
Faster Framingham Line Service: Travel Times to South Station (in minutes)
Existing Future Future
Sezzica Local Exress
Framingham 50 - 40
West Natick 46 - 37
Natick 41 - 32
Wellesley Square 36 - 27
Wellesley Hills 32 - 23
Wellesley Farms 28 23 21
Auburndale 24 19 -
West Newton 21 16 -
Newtonville 17 13 -
Back Bay 5 4 4
G-32
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Compared to present service, express trains with higher maximum speeds would reduce
travel times by seven to 10 minutes, or by 20 to 25 percent, at outer stations. Time savings
on local trains would be smaller, at four to five minutes, or 18 to 24 percent.
2. Worcester Extension
This project would consist of a 23 mile extension of the Framingham commuter rail line
(doubling its length) from the present terminal in Framingham through Ashland,
Southborough, Westborough, Grafton, and Millbury to Worcester. Preliminary feasibility
studies have been completed, and design and engineering work is underway.
There would be six stations on the extension:
Station Parkin Fare Zone
Ashland 400 7
Southborough 400 7
Westborough 400 7
Grafton 400 8
Millbury 400 9
Worcester 500 10
Table G.21
Worcester Extension: Travel Times to South Station (in minutes)
Existing Future Future
Senric Local Express
Worcester 9  - 80 67
Millbury - 73 60
Grafton - 69 56
Westborough - 59 46
Southborough - 52 39
Ashland - 47 34
Framingham 50 44 31
West Natick 46 41 -
Natick 41 36 -
Wellesley Square 36 31 -
Wellesley Hills 32 27 -
Wellesley Farms 28 23 -
Auburndale 24 19 -
West Newton 21 16 -
Newtonville 17 13 -
Back Bay 5 4 4
9Times from Worcester are two minutes greater than those included in the Feasibility Study
due to the addition of Millbury Station.
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The alignment for a Framingham-Worcester extension would be the Conrail Main Line. This
is the primary route for railroad freight to and from Boston and points in southeastern
Massachusetts. It also carries some Amtrak intercity passenger trains.
During peak periods, a combination of express and local trains would be run. In the AM
peak, present local service from Framingham to Boston would be retained, but one train
would originate at Worcester instead of Framingham. Four new inbound trains would
originate at Worcester, make all stops to Framingham, and then run non-stop to Back Bay
Station. In the PM peak, all present outbound Framingham local trains would be extended
to Worcester. Four new trains would run non-stop from Back Bay to Framingham and then
make all stops to Worcester. During off-peak hours, present schedules would be retained, .
but the outer terminal for all trains would be changed from Framingham to Worcester.
Figure G.14
Service Configuration with Worcester Extension
BACK SOUTH
BAY STATION
PHAMINUI'AM
3. Extension to Marlborough with Faster Running Times and
Express Trains
Alternative 3 involves a 9.5-mile extension of the Framingham commuter ra iline .... :
495 near the Southborough-Marlborough border (see Figure G-15). This extension, originally
proposed as an alternative to the Worcester extension, was examined in the PMT as being
run along with the Worcester extension. For purposes of analysis, the service in Alternative
2 was used as the base case against which Alternative 3 was compared. The Marlborough
extension would use the Conrail Fitchburg Secondary Track, currently used only for freight
service.
There would be four stations on the extension:
Station Parkin Fare Zone
Salem End Road in Framingham 750 spaces 5
California Ave in Framingham 500 spaces 6
Southborough Center 250 spaces 6
Marlborough at 1-495 1,000 spaces 7
G-34
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Figure 0.15
Service Configuration with Marlborough Extension
BACK SOUTH
WEST NATICK
All service on this extension would operate to and from Marlborough. During peak periods, a
combination of express and local trains would be operated. All trains would stop at all
stations on the extension and at Framingham. Express trains would then run non-stop to
Back Bay, but locals would serve all stops east of Framingham. Express and local trains
would both be operated at 60-minute headways. This would provide overall average 30-
minute headways at stations on the extension.
With a Marlborough extension, there would be a reduction in peak-period service to and from
Worcester. At Framingham station, overall AM peak inbound and PM peak outbound service
would include a train every 15 minutes. Half-hourly express trains would alternate with
half-hourly locals. Each of these would, in turn, alternate between Worcester and
Marlborough trains. There would be no Framingham short-turns. Service to stations
between Framingham and Boston would be the same as in the base case, but would be
provided by local trains running alternately from Worcester and Marlborough.10
During off-peak periods, only local service would be operated on the Marlborough extension.
Worcester service would be the same as in the base case, but an equal number of
Marlborough trains would be added. This would double service at stations from
Framingham to Boston.
Travel times from existing stations to South Station would be the same under Alternatives 2
and 3, as shown in as shown in Tables G-21 and G-22. Compared to present service, travel
times to Boston from most stations on local trains would be reduced by four to six minutes.
10Because of differences in running times for express and local trains it would be impossible
to establish a schedule with uniform headways at all stations served by both even if equal
numbers of trains started from all terminals. (For example, an express train leaving
Framingham 15 minutes after a local would arrive at South Station only two minutes later.)
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These savings would result from faster speed limits that could be implemented with or
without any extensions beyond Framingham. The travel time from Framingham to South
Station on express trains would be 31 minutes, or a reduction of 19 minutes compared to the
present 50 minute schedule for local trains. Framingham express trains could also be
operated with no further extensions, but Framingham alone has insufficient demand
potential to justify such service.
Table G.22
Marlborough Extension: Travel Times to South Station (in minutes)
Existing Future Future
Service Local Express
Marlborough - 65 52
Southborough - 59 46
California Ave - 55 42
Salem End Road - 48 35
Framingham 50 44 31
West Natick 46 41 -
Natick 41 36 -
Wellesley Square 36 31
Wellesley Hills 32 27 -
Wellesley Farms 28 23 -
Auburndale 24 19 -
West Newton 21 16 -
Newtonville 17 13 -
Back Bay 5 4 4
Ridership Impacts
Under Alternative 1, faster service, including the operation of express trains, -r'~l incre'
ridership on the existing Framingham Line by 1,460 trips per week: -: :'. K-,.,
(39 percent) would be new transit trips (see Table G-23). Thi: L, he third-lowest number of
new transit trips for running time improvements on existing commuter rail lines examined
for the PMT. (Similar improvements on the Needham Line would attract only 158 new
riders.)
In Alternative 2, the Worcester extension combined with faster service and express trains
would attract 6,700 new Framingham Line trips per weekday, including 3,470 diversions
from automobiles. Most of these trips would be on the extension: 6,010 of the total trips, and
3,200 of the new transit trips. The remainder would be attracted by the faster service on the
existing line, including express service from Framingham. Boardings by station on the
extension would be as follows:
Worcester 1,045
Millbury 370
Grafton 335
Westborough 620
Southborough 1,770
Ashland 1.870
Total 6,010
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Ridership at most individual stations on the extension would be relatively high, but the
highest ridership would be at the two innermost stations. To put these figures in
perspective, of 97 outer stations in the existing system, only six now have higher ridership
than projected for Southborough and only five have higher ridership than projected for
Ashland. Excluding the Fall River and New Bedford extensions, which would effectively be
new lines, the Worcester extension would attract the highest number of total trips and
diversions from automobiles of all commuter rail extensions examined for the PMT.
Table G.23
Ridership Impacts of Framingham Line Improvements
Total New
Trins Transit Trips
Alternative 1 (Express Service: No Extensions)
Existing Line Improvements 1,460 580
Alternative 2 (Worcester Extension)
Existing Line Improvements 690 270
Worcester Extension Segment f.010 3,202
Total 6,700 3,470
Alternative 3 (Marlborough Extension)
Marlborough Extension Segment Only 1,630 775
In Alternative 3, a Marlborough extension constructed along with a Worcester extension
would attract relatively low total ridership: 1,630 trips per weekday, of which 775 would be
diverted from automobiles. The remainder would be diverted from other transit services,
primarily the Worcester extension. The low estimated ridership is the result of the
overlapping service areas of the Worcester and Marlborough extensions. Every station on a
Marlborough extension would be within four miles of either a new station on the Worcester
extension or Framingham Station. 1
On a station by station basis, ridership at all Marlborough extension stations except
Southborough would be low:
Marlborough 460
Southborough 865
Salem End Road 125
California Avenue J 180
Total 1,630
11The Worcester Feasibility Study ("Commuter Rail Extension Feasibility Study:
Framingham to Worcester, Milford & Marlborough," Stone & Webster Civil & Transportation
Services, Inc., January 1990) examined the impacts of a Marlborough extension without a
Worcester extension. In this case, Marlborough extension would be approximately 3.5 times
higher and only slightly lower than ridership on the Worcester extension.
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Costs and Cost-Effectiveness
The existing Framingham Line is in good physical condition and can already accommodate
service with higher maximum operating speeds. However, the operation of express trains to
and from Wellesley Farms would require the construction of a layover facility, at
approximately $1.2 million, to prevent scheduling conflicts between express and local trains.
In addition, two new train sets would be required, at a cost of $17.1 million (two locomotives
and 12 cars). Therefore, the total capital cost to institute express service would be $18.3
million (see Table G-24). Operating costs would be increased by $1.9 million per year, of
which only 16 percent ($0.3 million) would be covered by increased fare revenue.
Table G.24
Costs of Framingham Line Improvements
Operating Fare Capital
Cost Revenue Capital Cost/
(Annual) (Annual) Cost New Trip
Alternative 1 (Express Service: No Extensions)
Existing Line Improvements $1.9m $0.3m $18.3m $31,800
Alternative 2 (Worcester Extension)
Total $7.2m $4.7m $119.0m $34,300
Alternative 3 (Marlborough Extension)
Total $8.6m $0.8m $73.6m $95,100
The route of the Alternative 2 extension from Framingham to Worcester currently carr'.::,
limited Amtrak intercity passenger service (two round tri;"r" to Washing, -:::: ,: gfield
and one round trip to Chicago per day). The line is relain. A:y well maintained, but would
require further upgrading to permit the running times and express service assumed for the
PMT. (The present maximum speed limit is 50 mph, and part of the line has been reduced to
single track.) There are no stations between Framingham and Worcester now. The total cost
for station, track and right-of-way improvements, and for signaling and communications is
estimated at $84.9 million. In addition, four new train sets would be needed at a cost of
$34.0 million, bringing the total cost to $119.0 million. 12
The Worcester extension would improve peak-period service at Framingham Station by
adding express trains to Boston and increasing the number of departures. Service at stations
between Framingham and Boston would not change except for minor schedule adjustments.
Therefore, all ridership increases at existing stations would occur at Framingham. Any
allocation of the cost of Worcester express service to Framingham Station would necessarily
be arbitrary. Demand at Framingham would not support non-stop service to Boston without
a Worcester extension. Therefore, benefits and costs of Alternative 2 are not shown
separately for the existing line and the extension.
12 Earlier estimates put the cost of a Worcester extension at approximately $80 million. The
$118.9 million estimates includes higher station costs for high-level platforms and related
changes for ADA compliance ($5.9 million) plus vehicle costs ($34.0 million).
G-38
471
Worcester extension service would increase operating costs by $7.2 million per year, and
would generate approximately 65 percent of these costs in fare revenue ($4.7 million). This is
the second-highest revenue to cost ratio for any commuter rail extension examined for the
PMT, below only that for Newburyport service (75 percent). The capital cost per new rider
would be $34,300, which would be the second lowest cost among the extensions examined to
date (again after Newburyport).
The Marlborough extension would operate on the Conrail Fitchburg Secondary line, which is
currently used only for freight service. This line would require considerable rehabilitation
and installation of a signal system. The total cost for station, track and right-of-way
improvements, and for signaling and communications is estimated at $48.0 million. The
schedule assumed in the analysis of Alternative 3 would require three more train sets than
needed for Alternative 2. With one locomotive and six coaches per train, these would cost
$25.6 million.13 Including the cost of the six new train sets, the total cost would be
$73.6 million.
Ridership estimates were developed only for the extension segment of Marlborough service,
and thus estimates of operating revenues are available for that segment only. As with the
case of the Worcester extension, the existing Framingham Line would receive more service as
the result of the Marlborough extension, but any allocation of Marlborough service costs to
the present line would have to be arbitrary. In any case, the Marlborough extension would
show low cost-effectiveness. The net difference in annual operating costs between the
Worcester service of Alternative 2 and the combined Marlborough and Worcester service of
Alternative 3 would be $8.6 million per year. The additional revenue generated from new
transit riders would be only $0.8 million per year, or 9.5 percent of operating costs. The
capital cost per new transit rider ($95,100) would place the Marlborough line among the
more costly commuter rail extensions examined.
Air Quality Impacts
Alternative 1 improvements to the existing Framingham Line alone would reduce regional
emissions by 0.02 percent (see Table G-25). This is the second lowest air quality benefit for
improvements to an existing service. (Only Needham Line improvements would have lower
benefits.) The capital cost per kilogram of VOC eliminated per day would be in the middle
range of improvements to existing lines, at $1.1 million.
The Worcester extension would reduce regional emissions by 0.10 percent. This figure is
relatively high; with one exception, the only PMT projects with comparable air quality
benefits are significantly more expensive. (The one exception is the provision of better bus
circulation within downtown Boston. Projects with greater air quality benefits but higher
costs include the North Station-South Station Rail Link, a circumferential rail line, and Blue
Line extensions that include the Red-Blue Connector.) The capital cost per kilogram of VOC
eliminated by weekday by Worcester service would be $1.5 million. This is a moderate cost
for a rail extension.
13 For purposes of analysis, this project was originally defined so that the same service
frequencies would be provided on the Worcester and Marlborough extensions. The resulting
ridership projections indicate that less frequent service on the Marlborough line would be
appropriate. This could reduce vehicle requirements and associated capital costs as well as
operating costs.
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Marlborough service would reduce regional emissions by 0.04 percent. The capital cost per
kilogram of VOC eliminated per weekday would be $2.3 million, making this one of the most
costly PMT commuter rail alternatives in this measure.
Table 0-25
Air Quality Impacts of Framingham Line Improvements
% Reduction Capital Cost/kg of
Regional Emissions VOC Elm/Weekday
Existing Line Improvements 0.02% $1,126,100
Worcester Extension 0.10% $1,452,400
Marlborough Extension
(Extension Segment Only) 0.04% $2,334,000
Conclusions
The operation of Alternative 1 express service on the existing Framingham Line would
attract only 580 new transit trips per weekday. The cost per new rider ($3 1,800) would be
significantly higher than those of service improvements on the Rockport/lpswich,
Haverhill/Reading and Lowell Lines, but lower than the comparable costs for all other
existing lines. Because the number of diversions from automobiles would be small, the air
quality benefits would be low, with a 0.02 percent reduction in regional emissions. The cost
per kilogram of weekday VOC eliminated ($1.1 million) would be in the mid-range of such
costs for improvements to existing commuter rail lines. It would, however, be low to
moderate compared with costs for new services.
A Worcester extension would serve a total of 6,700 trips per weekday, of which 3,470, or
52 percent would be new transit trips. This is the highest number of new transit trips that
would be attracted by any commuter rail extension examined in the PMT, and is higher than
the number of new trips that would be attracted by most other kinds of new services as well.
(Some exceptions are the North Station-South Station Rail Link, the Red Line-Blue Line
Connector, and a rapid transit extension to Medford Hillside.) The $119 million capital cost
of the extension would average $34,300 for each new transit rider attracted. This is lower
than the comparable cost for any commuter rail extension examined except Newburyport or
for any Red, Blue, or Orange Line extension.
A Worcester extension would also reduce regional emissions by 0.10 percent, which is high
relative to most individual projects. The only rail projects--commuter rail, rapid transit, or
light rail-with greater air quality benefits would be significantly more expensive. The
capital cost per unit of air quality benefit (kg of VOC eliminated per weekday) would be in
the middle range for commuter rail extension projects. The Worcester extension would also
recover 65 percent of its $7.2 million annual operating costs from fares. This is the second-
highest revenue to cost ratio of any commuter rail extension examined, and is much higher
than that of the existing commuter rail system as a whole.
Most of the service area of a Marlborough extension would overlap that of a Worcester
extension. Therefore, the increase in ridership as a result of operating both extensions
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instead of a Worcester extension alone would be relatively small-only 775 new transit riders
per weekday. A Marlborough extension would be among the most expensive PMT projects
measured in capital cost per new transit rider and per unit of air quality improvement. It
would also be expensive to operate and would generate only 9.5 percent of its operating costs
in new fare revenue.
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APPENDIX L
Memorandum Sent to Massachusetts RPA's Regarding Funding Estimates for the TIP
Source: Boston No. 7.
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Nathaniel W. Karns, Director
Berkshire County Regional
Planning Commission
10 Fenn Street
PittzIeid, .tA 01201
Dear Mr. Karns:
i am forwarding to you by attachzent the target funding
estimates for Federal Fiscal Years 1996 thru 1998. These
estimates should be used in preparing the final versions of the
MPO's FFY 96-98 Transportation improvement Program.
The funding estimates are separated for Federal and Non-
Federal Aid projects. The previous treatment of Non-Federal Aid
project= as part of the main body has created concerns about
sat:sfying all of the issues associated with financial
constraint, particularly related to the availability of funds
prior to passage of a Transportation Bond Bill. To avoid these
,ssues, Non-Federal Aid projects should be included as an
:ntormational appendix to the TIP. The only exceptions are
regionally significant projects included in the air quality
conformity analysis that are funded under the Non-Federal Aid
program. They are required to be part of the main body of the
TIP.
The base funding of $150 million in federal funding has been
maintained for the statewide program. The amount that is used
for purposes of establishing the targets has been reduced by
approximately $13 million. This amount reflects statevide
programs such as the Transportation Demand Management Program,
the Infrastructure Improvements and Bridge Inspections that were
previously listed in each TIP. Since the presence of these
statevide projects has complicated the regional financial
constraint analysis, they are to be included in the TIP but it
should be noted that the resources required are provided
separately.
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TITLE 23
TRANSPORTATION FUNDING ESTIMATES
FFY 98
Expected Apportionment $730,000,000
CA/T Needs (CA/T minus MHS) $518,960,000
Mega Projects
Route !46 (1998 Phased Obliqaiozns) $72,480,000
tatewvide Enhancement Program $1,500.o00
Statewvde infrastructure $12,940,000
Statevide Federal Program * $137,060,000
Statewide Federal Program Plus State Match * 5171,325,000
Total Statevide Federal Program Plus State Match * $ 5263,800,000
* Amount To Be Applied to Regional Formula, excludes Statewide
Enhancement and Infrastructure Programs and "Mega" Projects
*- including Statewide Enhancement and Infrastructure Programs
and "Mega" Projects
KPO Est:=ates (percentages from MARPA Formula)
FPO ormula
BCRPC 3.56%
CCC 4.59%
CORPC 8.69%
FCPC 2.54%
MVC 0.31%
KVPC 4.43%
MAPC 42.97%
KROPC 4.46%
NPEDC 0.22%
HMCOG 3.91%
OCPC 4.56%
PVPC 10.81%
SRPEDD 8.96%
Federal
Program
q6,091,097
7,863,365$ 4,883,612
$4 353,241
t533,401
$7,588,061
$73,626,562$7 639,'681
5378,543
6,693,3247,811,746
18,514,181
15,348,187
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STATE BOND BILL
TRANSPORTATION FUNDING
FFY 98
Expected Funding
HPO Estimates (percentages from M.ARPA Formuia)
IePO
BCR.PC
CCC
CMRPC
FCPC
KVC
KVPC
MAPC
M3RPC
1PEDC
NMCOG
OCPC
?VPC
2RPEDCC
Formula
3.56%
4.59%
8.69%
2.54%
0.31%
4.43%
42.97%
4.46%
0.221
3.91%
4.56%
'0.81%
8.96%
$200,000,000
Federal
Program
$7,110,575
9,179,472
$17,374,711
55 081,852
t622,678
$8,858,090585,949,583
S8 918,349
t441,900$7,813,598
$9. 119,213
S21.612.936$17, 917,043
ESTIMATES
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APPENDIX M
The Method for Placing a Project on the Boston TIP & Sample Letters and Forms
Source: Boston No. 5, p. 16-18 and 28-37.
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The Method for P1acin. a Project on the TIP
When a new TIP is being developed, all the communities of the MAPC region are
notified and asked to submit those projects they would like included on the TIP. This
annual solicitation for projects takes place during the first three months of the
calendar year. Tne list of projects submitted by the communities is compiled with
those submitted by the MLPO agencies and projects that remained from the previous
TIP. Once a Draft TIP is developed. it is sent out to all MPO agencies (See The
Metropolitan Planning Organization), all the communities of the Boston MPO region,
the Joint Regional Transportation Committee and the Cape Ann Transit Authority for
review. The TIP is then revised according to comments received and the MPO votes
to approve the TIP.
The TIP may be routinely amended to provide some flexibility in scheduling project
construciton. If projects must be delayed or removed from the TIP. an opportunity rbor
,other proiects to be moved fonvard is available.
In general. in order for \MAPC :o include a highway project in the Annual Element of
the TIP. :he community needs to have secured concurrence from the Massachusetts
Highway Deparrnent District Highway Director and Project Review Committee. A
commitment that the nrotec: can be designed and advertised for construction within
the Fiscal Year or the A\nnual Element must be provided by the community.
Proposed projects for the 2nd and 3rd year of the TIP do not require the same level of
review prior to placement within the TIP. This is particularly true for maintenance
projects s;uch as road resurfTacng that will not require right of way acquisition.
extensivec permits or the preparation ot design plans.
Irhe tollowing process should be followed by the community if the project is on a
federal aid elilgble. iocally :naintained roadway. If the community is proposing
:mprovements to a state maintained roadway, the community is not usually involved
:n design. engineering, right of way acquisition and so on. However, on a locally
maintained roadway, the communitv must assume a high degree of responsibility for
the project.
The following steps explain the recommended process of placing a project on the TIP.
However, this process should be used only as a guide. The individual aspects of a
project may require more or less steps. depending on its complexity. Furthcrmorc.
many of these steps can occur simultaneously.
I. The commnunity becomes aware of an existing or potential transportation problem.
2. The community writes to the Massachusetts Highway Department District
Highway Director asking for assistance with the problem. The letter should
ransponation improvement Program QuIdcbook Yage to
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include information such as why improvements are needed, a description of the
proposed improvements. the level of local support for the project. a commitment
that the project will be designed by the community and any right-of-way
acquisition will be purchased by the cormmunity. (See Sample Letter - Project
Initiation by Community to MHD District Office)
3. The community submits a copy of the above letter to the Metropolitan Area
Planning Council (MA.PC). it is recommended that the community also submit an
MAPC Project Request Form.
4. The Massachusetns Hichwav Department (MHD) District Office investigates and
reviews the request.
.The IMAPC considers the proiec: in terms or rcgional needs and compliance with
the Reemonal Deveioomenrt Plan :br Metronoiitan Boston. MNetroPlan 2000 and the
'rfnsnanaortn Plan fo.r n:*' (otfn Repto
o. Fce NIHD l)istrnct HiLii'vha., i)trctor may ask the community to prepare a Project
lustificanon Repor:.
7. The community submits ," Proiect Justification Reponrt if required) which is prepared
at local expense.
S. The M1HD Distrinct i li~\v.. IDirector notifies the community whether it supports
the proiect.
' lihC community hire:,..: Jesin ncneer tl prepare are liminary designs of the proposed
:mprovements and to det nno:::c Fthe protect rettireS cenvironmental review Ihe
commnnunity m unlicisp.i ::il:eer n lso preparcr:'r t'he r quired documents.
10(). 'he desin engincer :pr-erar:;es :! ecess.,arv information on the project such as the
nature oi :he prob!:.:"he tyc of'. improvements :eeded and an estimate of t.he cost
I1 . [he .Ml ID Distric: t)f-:ce:ub:;tits the proleec::to the Project Review Committee of
the Niassachusetts I iigh",.:v Department
12. The %lMHD Project Review l .Committee approves or disapproves the project.
13. The NlMHD District notim,., the community in %writing if the project has been
approved by the Projcc: Revew \ Committee.
14. lThe NMAPC. n represe::ing the communities. includes the project when the Draft
TIP -s developed by the .MAPC or submits the project at the time amendments to
the TIP are proposed.
Transportation Improvement Pro-rm (Guidebokk rage 17
485
!5. The Draft Transportation Improvement Program or the TIP amendments are
reviewed by the SSC and approved for distribution.
16. Thne Draft TIP or TIP amendments are reviewed by the public under the approved
public participation procedures of the TIP.
17. The Metropolitan Planning Organization votes on approving the Final
Transportation Improvement Program or the amendments to the TIP.
I 8. The community hires a design consultant to prepare the engineering documents.
The communirt municipal engineer can also prepare the required documents.
19 Thne design engineer prepares the documents and submits them to the MHD tbr
.:pprovaJ. Depending on the compiexirt ofrthe project. submittals may be required at
75%. .o ,and 1000' desitn. Public heanngs and environmental permits may also be
.-IQUITrd.
20. The .IHD adver.nses the roiect fr construction.
21. TheC IHD ,iwards the contract Ibr the project to the qualified low bidder.
2. Tihe contractor constructs the proicct.
Transportaton Inmprovemcnt Protram Guidebook
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Sample Letters and Forms
Inciuded on the next few pages are sample forms and letters that communities should
be aware of when initiating a project.
MAPC TIP Project Request Form (Blank)
It is recommended that the community submit this form to MAPC when
requesting a project.
MAPC Project Status Reports
ITnese reports are sent to the communities from the MAPC Project Status
Database. Updated reports can be obtained by contacting the MAPC.
'rotec: nitiation byv the Communitv to the MHD District Office
his is a samoie ietner ot what should be included when a community tirst
proposes a project :o the MIHD District office.
IProtece .Approvai by the ~NIHD Proiect Review Committee
.,is is a sample ic:cr :romn the .1MlD District office explaining Project
Recview Committcec approval and community responsibilities.
Transpon3rtion Improvement Program Guidebook Page 2!
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Metropolitan Area
Planning Council
iF THERE ARE PROJECTS YOUR COMMLNITY' WOULD LIKE TO HAVE PLACED ON THE TRANSPORTATION IMPROVEMENT
PROGRAI (TIP). PLEASE FILL IN SECTIONS 1. 2. 3. AND 4 AS COMPLETELY AS POSSIBLE AND RETU.RN TO THE MAPC.
1, PROJECT LOCATION MCLE sIF= E&,( s . &ICABLER str ROElT  N1wERS,
CO.MM UNITY: TY
LOCATION:
AT:
FRO MI:
TO:
WORK ALSO IN:
2. PROJECT REOUEST AND DESCRIPTION
DATE OF REOUEST:
('OMMNtNITY PROJECT CONTACT PERSON:
YPE O()F PROJECT REQUESTED (CIIECK ONEI:
4OAD RECONSTRUCTON _'ITCYC'• T'EDESTRIAN IMPROVEMENTS
R;OAD RESURFACING _A NSST IMPROVEMENTS
:',TF.RSECT10N IMPROVEMENTS __T __ER
)ESCRII'TION OF TIIE PROJECT: ;' !.. "O•"'!:VIDE k4 "lORE DETAILED DESCRIPTION OF TIlE PROIECT 11ELOW
I..PRF'RKJCT D)ATi
iROADWAY FI'NCTIONAL CL.ASSIFICA 1 ON ((IIECK 5ON): __COLLECTOR _\KRTTRIAL OThER
ROADWAY \WIDTH:
ROA\I)D\AY LENGTII:__
I * IIt: PRItJE('T A.RT OF \ I'AVEM.IEN I k GL N I N STEM?:
WIIA I IS TIlE. N\IE: OF PA• %IE\ .NTl '1: 1 u, (A IEN F 'S STEIM?:
\"IM) \I1INI \INN lIlE Rf O )DA\ 'N H IO I )I 7I J I T (K I : -X.. ni
110) l, I lie IROJF(F I ENGINIEER,'
'LA II 111i: PERC NTAGIE OF i NG(IN E(RIN(. \OMPILETE:
IN RI(l r OF \ U QI'ISITION lOQIRI)' IV • ES. EIIN Wil.L. ROW E ACQUIRED?
'( Il lI 1t1 I, ) i FR H TISIN(; ID. rTE.
COST ESTIMA \I:,
4. APPROVAL ;LS REOC IRF) OcS o.Y oIECONstIDLa. FOR A MMRA [LL.MLST rOF T r. T10 , II,, ,S IF APPROVALS OAVE NOT YET BEENJ OBTAINED)
IIAS TIlE MIlD DISTRICT IIICIIW AY DIRECTOR APPROVED TIlE PROJECT':
IIAN Til: 'wIII PROJECT REVIEW( COMMITTEE APPROVED TilE PROJECT':
WIIAT IS TIIE ; OF E•G(INEERIN(; APPROVED BY %IIID:
7. MISCEL I NEOUS NOTES ON PROJECT
I' Deveionm= t of t lDe Tar-strarion fmrovement Program for FY 0-.0-
PROJECT REQUEST FORM
FOR THE BOSTON MIETROPOLITAN AREA
,repared by the Metropoiitan Arma Planmng Council
60 Temple Place
Boston. MA 0211 I
(617) 451-2770
FAX (617) 482-7185
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Please review these Project Status Reports and notify the MAPC whenever
changes are made or more information is available on your projects. Those
projects not ready for advertising during the programmed fiscal year may he
delayed or removed from the TIP
Metropolitan Area
Planning Council
If you have updated information or
questions regarding this report, contact:
Christopher C. Skelly
TIP Coordinator
MAPC
60 Temple Place
Boston, MA 02111
(617) 451-2770
FAX (617) 482-7185
This Report was printed on
27-Jan-95
Metropolitan Area Planning Council
Transportation Improvement Program
PROJECT STATUS REPORTS
For the
Community
of
BOLTON
MAPC SUBREGION - MAGIC
Community TIP Contact
HAROLD BROWN
HWY SUPERINTENDENT
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A Descriotion of this Reoort
This Report contains projects currently listed in the TIP and proposed projects not yet listed in the
TIP. Projects currently listed in the TIP are listed in Section 5 - TIP Information under Fiscal Year
as 95. 96 or 97 depending on the appropriate federal fiscal year (October 1 - September 30).
Proposed projects not yet listed in the TIP are listed as PR. These are projects that will be
considered for inclusion in the TIP at a future time. These projects could be considered if other
programmea projects are delayed and an amendment to the TIP is required. Otherwise. they will
be considered when the next TIP is developed.
List of Abbreviations Found in this Reoort
CDC - Concentrated Development Center
CMAQ - Congestion Mitigation/Air Quality (A Federal Funding Program)
DHD - MHD District Highway Director
EOTC - Executive Office of Transportation and Construction
EWO - Engineenng Work Order
IM - interstate Maintenance (A Feaeral Funding Program)
:C - inner Core (An MAPC Subregion)
iT - Interstate Transfer (A Federal Funoing Program)
MAGIC -Minuteman Advisory Group on Interlocal Coordination (MAPC Subregion)
'iAPC -Metropolitan Area Planning Council
MBTA - Massachusetts Bay Transportation Authonrity
MW - Metrowest Growth Management Committee (MAPC Subregion)
MHD - Massacmusetts Highway Department
MPO - Metropolitan Planning Organization
NFA -Non Feceral Aid (A Funding Program Utilizing State Funds Only)
NHS -National Highway System (A Federal Funding Program)
NSPC - North Suburban Planning Council (An MAPC Subregion)
NSTF - North Shore Task Force (An MAPC Subregion)
PR - Proposed Project (A project not yet included in the TIP)
PRC - Project Review Committee of the MHO
zROJIS -Project Information System (The MHD Transportation Database)
ROW - Rgrit of Way
,SC -South Shore Coalit:on (An MAPC Subregion)
SSC - Subsionatory Committee of the MPO
STP - Surlace Transportation Program (A Federal Funding Program)
STP EARMK - STP Earmarx (A Federal Funding Program)
STP ENHMT - STP Enhancement (A Federal Funding Program)
SWAP -Southwest Advisory Planning Committee (An MAPC Subregion)
TIP - Transportation Improvement Program
TRIC - Three Rivers Interlocal Council (An MAPC Subregion)
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Metropolitan Area
Planning Council
- e Tr•m~ uan Zon Imromvemr9mr r& a for FY 9-o07
PROJECT STATUS REPORT
•r--ared by the Mecrvpolitan Area Planning Council
(617) 451-2770
FAX (617) 482-7185
MAPC SUBREGION: MAGIC
V0D DISTRICT: 3
LISTED BELOW IS T HEMOST UP.TO-DATE LNFOR.MATION THE MAPC HAS REGARDING TIP PROJECT REQUESTS IN YOUR
COMMUNT"Y. PLEASE READ OVER THE INFORMATION CAREFULLY AND NOTIFY THE MAPC IF ADDITIONAL INFORMATION IS
4VAILABLE OR CORRECTIONS ARE NECESSARY. UNLESS THE MASSACHUSETTS HIGHWAY DEPARTMENT WILL BE DESIGNING
AND ENGINEERING THE PROJECT. IT IS UP TO THE CO•NMUNITY TO PROVIDE THE NECESSARY INFORMATION IN SECTIONS 1. 2.
3 AND 4 FOR CONSIDERATION IN THE TIP. PLEASE CONTACT CHRISTOPHER C. SKELLY AT MAPC (617) 451-2770 IF YOU HAVE
A•NY UPDATED INFORMATION OR QUESTIONS.
1. PROJECT LOCATION (N•• s-trNAMES•• AND. %D APPLCABLE.STREET ROUTE NVUMBERS)I
COMMLU'rTY: SOLTON
LOCATION: 1-495
AT: ROUTE 117
FROM: NA
TO: NA
IS TH
rtnwrc
M40DPROJECT NUMBER: UNKNO,'.
E PROJECT IN AN MAJPC
RAED fD~V•L•OT Nlm.T"'
CENTER (CDC)?: NO
WORK ALSO IN:
2. PROJECT REOUEST AND DESCRIPTION
DATE OF MOST RECENT REQUEST: S:5.:JQ4
TYiPE OF PROJECT REOUESTED: INTERSECTION IMPROVEMENTS
IDESCRIPTION OF TIIE PROJECT: !N'TERSECTION IMPROVEMENTS
3. PROJECT DATA
HOADWAY FIL'NCTIONAL CLASSIFICATION-
PROJECT %\ IDTHI: 0 PROJECT LENGTHL 0
PROJECT/FAC'ILITY .MAINTAINED l: : -. OMM OF MA
PROJECT ENGINEER: ,N*KNOWN
IS PROJECT PART OF PAVEMENT %MGT SYSTE.M%?: NAME OF PM SYSTEM:
IS ROW REQUIRED?: LNKNOWN, IF YES. WIIEN WILL ROW BE ACQUIRED?:
!' ENGINEERING COMPLETE: 0';
'1 l )C D 51 ) D I E: 1,1.00
( OST t. TIM% I E: S320.000 00
IF .:57" A 1. Io. A SCHIEDLLED ADVERTISING DATE IS NEELDD)
4. A\I'PPRIO()V LS REOUIRED)
\1111) I0STRICT HIGHWAY DNIRELTOH .PI'HROV AL. SNKNOWN
144Ii .1R1JCT REiVIE\ CO!%ItITTLE kPPROVAl. . NKNOWN
I1GINEERING APPROVED IN0 MII: 0-.
5. TIP INFORMATION (InfornmaJon in this section will he completed by the MAPC ind the State)
FISCAL. EAR: PR
Fl'NDIN; CATECORY: t'NK.C)w\.%
AMENDMENT: NO
LATEST AMENDMENT DATE: NA
CIANCE TO: NA
6. PROJE CT CONSTRUCTIO-N ý' n•1,S rP.Orcr j ADflu RI Ff cO4S1R1ucT4 no 1FAT NFfFY Tl 1ML
IIAS TIlE PROJECT BEEN ADVERTISED?: ;O HAS THE PROJECT BEEN BID?: NO
ADVERTISED 1)04 TE. AWARD DATE:
AMT OF BID:
7. MISCELLANEOIUS NOTES ON PROJECT
JS1.'94 'ROJI'C7 !'POPOSED BY liD PF SELLC7, MAN TO TIlE DISTRICT IIIGIIWAY DIRECTOR.
PRINT DA rE .'s. ,:
i I
I I
. ! I
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Planning Council
PROJECT STATUS REPORT
Pre•.aed by he Menopoliun Area Planning Council
(617) 451-2770
FAX (617) 482-7185
HOLTal
%IAPC SUBRECION:
NM D ISTICT:
LISTED BELOW IS THE MOST UP.TO.DATE INFOLMATION THE MAPC HAS REGARDING TIP PROJECT REQUESTS IN YOUR
COMM'NITTY. PLEASE READ OVER THE INFORMATION CAREFULLY AND NOTIFY THE MAPC IFADDITIONAL INFORMATION IS
AVAILABLE OR CORRECTIONS ARE NECESSARY. NlLESS THE MASSACHUSETTS HIGHWAY DEPARTMET WILL BE DESIGNING
AND ENGINEERING THE PROJECT. IT IS UP TO THE COMMUNTTY TO PROVIDE THE NECESSARY INFORMATION IN SECTIONS 1. 2,
. AND 4 FOR CONSIDERATION IN THE TIP. PLEASE CONTACT CHRISTOPHER C. SKELLY AT MAPC (617) 451.2770 IF YOU HAVE
.AY UPDATED INFORMATION OR QUESTIONS.
1. PROJECT LOCATION NCLUDE ST•SET NAM.ES AND. 7 APPUCABLE.
S'T•EET ROUTE NMIBERSI
COMMUNITY: BOLTON
LOCATION: ROUTE 117
AT:
FROM:
TO:
WORK ALSO IN:
2. PROJECT REOUEST AND DESCRIPTION
OATE OF MOST RECENT REQUEST:
rN'PE OF PROJECT REOUESTED:
OESCRIFTION O)F TIlE PROJECT: RAMPS
MHD PROJECT NUMBER:
IS THE PROJECT IN AN MAPC
CONCENTRATED DEVELOPMENT
CENTER (CDC)?: 0
[3, L .rMECT .DATA
IIOAljS%'..i' fl %CTIONAL C
PROJECT \ IDTH.:
CLISSI1:IC.ý 111ON
I'ROJEC LI.EN(;THI:
I'ROJEC7'T4. Cll.]Th MIAINTAINED l .N \ : . ' OF %IA
PROJECT ENGINEER: NKNOUN'
IS PROJECT PAR;T OF 1rAVENIT MG(;T SYSTft: NAAM.E OF PM SYSTEMI:
IS ROW REQUIR.DI: 1F N .. WitF.-N WILL ROW RE 4CQUIRD.o?:
- ENCINEERING C ('OIII.ETE.
NCIIEI) %1)%DA IF;.: %:CT 4 : . f%CIr.I:D L I. VVRT1 C, :,A ir iS N;':DCDi
COST IISTIM.%IL.. J 00
4A..~ITRQAVAl SRFQI 111 F 1)
%1l11) DISTRICT IIICIIWAV DIRECTOR %I'P11)'. . '..N0)AS
%lilt) PROJECT REVIEW (COS'IMrEE .PRo% kI.. *.KNC)W"N
.ENC.INEERIG APPROVEDI II %11ID.
5. TIP INFORlMATION (Informgtion in this section will be comnleted by the MAPC ;nd the Sta
FISCALI AH: PR
Fr11%nDc CATECOR'-: NFA
AMEENDM.ENT:
LATEST AMENDMENT DATE:
CHANGE TO:
6. PRQJECT CCQ-NT C~I. V uLN nrrrIa .N :jn12couryrn nIE mkrmTIIK~
Il~i Till'. I'R()J.(T BEEN AD\VER TISED; IIAS TIIE rwtOJECT- BEEN IIID?:
ADVERTISED n A T AWARD DATE.
AMT OF BIM,. SO 00
7. MISCEI ANFOITS NOPTS OQN PROJECT
lt 3'9ý PaOJI:C7 PROPOSED BY PETER IXC).oslfUC, 40I1) DIID
I
. B ---
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Metropolitan Area
Planning Council
The Tranmration i =-3vemenel P'nm frr FY 45-07
PROJECT STATUS REPORT
Prpsnd by the Mmpolinm Area Planning Comuncil
(617) 451-2770
FAX (617) 482-7185
MAPC SUBREGION: MAGIC
HIMD ISTRICT: 3
"JSTED BELOW IS THE MOST UP-TO-DATE INFORMATION THE MAPC HAS REGARDING TIP PROJECT REQUESTS IN YOUR
COMM.INITY. PLEASE READ OVER THE INFOR.MATION CAREFULLY AND NOTIFY THE MAPC IF ADDITIONAL INFORMATION IS
k VAILABLE OR CORRECTIONS ARE NECESSARY. UNLESS THE MASSACHUSETTS HIGHWAY DEPARTMENT WILL BE DESIGNING
k"qD ENGINEERING THE PROJECT. IT IS UP TO THE COMMUNITY TO PROVIDE THE NECESSARY INFORMATION IN SECTIONS 1.2.
3 AND 4 FOR CONSIDERATION IN THE TIP. PLEASE CONTACT CHRISTOPHER C. SKELLY AT MAPC (617) 451-2770 IF YOU HAVE
-'Y UPDATED INFORMATION OR QUESTIONS.
1. PROJECT LOCATION (fcCLUDE STREET NAMES AND. AIFPLCABLESTEET ROUTE NUMBERS)
COMMUNITY: BOLTON
LOCATION: ROUTE 117
AT: NA
FROM: 1-495
TO: STOW TL
WORK ALSO IN:
2. PROJECT REOUEST AND DESCRIPTION
DATE OF MOST RECENT REQUEST: 4/14Q43
TYPE OF PROJECT REQUESTED: ROAD RECONSTRUCTION
IJESCRIPTION OF TIlE PROJECT: ROAD RECONSTRUCTION
MHD PROJECT NUMBER: 600580
IS THE PROJECT IN AN MAPC
CONCENTRATED DEVELOP.MENT
CENTER (CDLC): NO
13. PIROJECT DATA
;kOADWAY FUNCTIONAL CLASSIFICAri'N:
PROJECT WIDTH: PROJ
PROJECTFACILITY MAINTAINED BY: .'NKNOWN
PROJECT ENGINEER: UNKNOWN
IS PROJECT PART OF PAVEMENT MG(;T SYSTEM?::
IS ROW REQUIRED?: UNKNO.WN IF YES. WI
; ELNGINEERINC COMPI.ETE: 0;
( III.1) AI)V )DAT't:: : It;9 IF I.5.:S .
( I5' I.STI.MA IE: . .5.00.000 0L
4. \I'PPR()VAI. REOITIREI)
ECT I.ENGTII:
NAME OF PM S1
IEN WILL. ROW lE ACQUIRED?:
'STEM:
SA SCIID:DMLI.D A)VI RTIIING SAI: I 'NITl))D
%ItlD I)IST"RICT IlGCIIWAY DIRECTOR AI'PIROVAL.. \I'PROVI)
\1111) PROJECT REVIEW COMMITTEE APPROVAL .\PPROVF)D . ..:,".4
• ENGINEERING APPROVED HB MIlD: U*.
5. TIP INFOMRIATION (Information in this section will be comnleted by the MAPC ;ind the State)
FISCALYEAR: 96
I 'NDINC CATECORI': NFA
AMENDMENT: NO
LATEST AMENDMENT DATE: NA
CHANGE TO: NA
6. PROJECT CONSTRUCTION .•wrN nms Pno or fsv rVTsr1 roa1F mln w T!,El'CO P nr1 n -.
IIAS TIlE PROJECT BEEN ADVERTISED?: NO HAS TIlE PROJECT BEEN BID?: NO
ADVERTISED DATE: AWARD DATE:
AMT OF BID:
7. MISCELLANx EOUS NOTES ON PROJECT
4/4,94 PROJECT LISTED IN PROJIS
4J/L;4 PROJECT APPROVED BY THE MHD PROJECT REVIEW COMMITTEE
".'1.4 PROJECT CHANGED FROM STP TO NFA BY EOTC.
: !.',• MIlD DI(D STATED THAT TOWN IS IN PRXCESS OF HIRING A DESIGN CONSULTANT PROJECT SHOULD REMA.IN; FY 96
i
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Proiect Initiation by the Community to the NMD District Office
Town of Grover's Corner
Grover's Comer. Massachusetts
XLXXX X. X.XX.XXXC,' . E.
District Highway Director
MHD District X
XXXXXX. MA XXX
Subject: Lakeview Road Traffic improvement Request
Dear uMr. X=XXXX.
This is an official retuucst from::-. "--)%- of Grover's Comer to the Nlassachusettus
i-ighwav Departmen: !or assistance Mn correctlng a traffic problem on Lakevicw Road in
this town. which runs from Main: 'treet i oute i 40) :o iranite Street. a distance of one
and one-ihlf mriiCes.
The problem on La~.cvlevtew :: one of safctv. .According to the most recent accident
data compiled by the Clhic S::mson of the irover's Comer Police Depanrtment. ten
serarate vchicuklr accidents i:. occurred on Lakcvicw Road in the last eight months
Four pcrsons invoived ha1\e .e.:tired hospitalization. .\n examination of the .NIlID
.ac:dent data cover:ng the thr: :r-".vous Q cars reveals an average of eleven reported
.:cc:dentcs per ecar on this rod:
i : he opinion o• te iroter ,rner '::L Cc o.rks and Police Depiartments that
.ake'.'icw. Roa. s ' dth ( : :c:. ,n :vcrawe. wdinvn alignment. and road surface
conditions I wviich '. rom frc%: %.1 ::ntoric:able. ach contribute to an unacceptable level
'he town of Grover s Comrners requesong that the MiD widen the existing Lakeview
Road. as well as straighten it:s :esent alignment. It is the town's belief that this work
could he paid for %%ith federai and state funds. as Lakeview is on the Federal A-id system.
Grover's Comer is aware of recuired lane and shoulder widths lbr the use of federal
funds. The town now owns five feet on either side of the existing roadwayl The nearest
structures to the road are set 1-ack .,pprox:mately 30 to 40 feet. Therefore. land takings
are not foreseen as a major prT'b!em. The town of Grover's Comers is willing to obtain
all necessary rights of way.
I ransponrtion improvement 'rogrJm (iu!deoiok Page 33
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My office has received numerous calls and personal visits from community residents
concerned about the dangerous nature o" Lakeview Road. The Board of Selectmen has
informally contacted residents of Lakeview Road as well as members of the Planning
Board regarding this improvement proposal. and each of those contacted has expressed
support for this reconstrution reauest.
The MHD's assistance in rec:ifv-ing this situation would be appreciated by both myself
and the town of Grover's Comer.
Sincerely.
Silas Peckham. Chairman
Board of Selectman
Fown or Grover s Cnomcrs
cc: David C. Souic. h:.erOcoi ta, .\rca Pl:mnine Council
Transportion Improvement Program Guidebook
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.o fGY o mmcr" Lawfinam Govrnor Scmary Clmbsmwnre
April 25, 1994
Mr. Joseph J. Durant, Chairman
Town of Hudson Board of Selectmen
Hudson Town Hall
78 Main Street
Hudson, MA 01749
SUBJECT: TOWN OF HUDSON - ROUTE 62 (CENTRAL STREET) "3R" PROJECT,
BEGINNING AT TIE ROUTE 62/COOLIDGE STREET INTERSECTION AND PROCREDING
EASTERLY TO THE ROUTE 62/WILXINS STREET INTERSECTION, A DISTANCE OF
APPROXIMATELY 1.6 HILES
Dear Mr. Durant:
We are pleased to inform y'ou that the Project Review Committee (PRC) of
the Massachusetts Highway Department has approved the subject project
for Federal-Aid STP funding.
This approval is contingent upon several other steps. First and foremost
the project must be included in the approved Statewide Transportation
Improvement Program (TIP) which covers three Federal Fiscal Years. As
you know, the TIP is financially constrained. In the event that this
project does not make the TIP, it will be carried in the pending list
for informational purposes. Eligibility for Federal participation on
design and Right-of-Way costs also require inclusion in the TIP.
Secondly, all projects, even though in the TIP, are subject to the
availability of State and Federal Punding at each stage.
We accept the offer of the Town of Hudson to assume the design
responsibility for -his project. It should also be noted that the
approval of the ;;RC is :ontingent upon the Town's acceptance of
responsibility for the acquisition of all necessary R.O.W. takings
and/or easements, and for the preparation of environmental documents, if
required.
If you :-av any fu~rt::cr cquestions, please do not hesitate to contact Mr.
John H!oey, District ?ro]ects Development Engineer at (508) 754-7204.
Very truly yours,
S Pete J. Donohue,
District Highway Director
KBF/kbf -hud62cnt
cc: Edward Dates, Metropolitan Area Planning Council
Honorable State Senator Robert A. Durand
Honorable State Representative Patricia A. Walrath
J. W. Hoey, K. 3. Fox, P. A. teavenworth, M. O. File
Massachusetts Highway Oeparimtnt DOistrict 3 403 Belmont St., Worcester. MA 01604 * (508) 754-7204
496
APPENDIX N
Memorandum Describing TCM Analysis Methods Used by the Boston CTPS
Source: Boston No. 7.
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C S : -nsooratuon ur.au;. CENTRALSCTPSPara 'aa. Se 2
3os:on. M.A 2:.-3sa68 TRANSPORTATION
617) 973-7:00 PLANNINGFax: :6171 973-8855 STAFF
MEMORANDI•M
TO: Clean Air Technical Advisory Committee February 12. 1993
FROM: Karl H. Quackenbush
UE: TCM Analysis -- Regiona Modeling and Other Approaches
1.0 INTRODOICTION
rhis memorandum is designed to izivc ,:Tchnical Advisory Committee mcmbcrs some guidance on the topic of
Transportauon Control Measure ( TCNI) analysis. To that end. the memorandum nrescnts information about how
"T'PS has approached TCM analys•s in tnc past and what analytsc tools have been used. Special emphasis is given
o the CTPS regional model. Tecre is a s.cuon that dcscnbes the model so that the Committec mav gain a
rudimentary understanding of how it works. and the model's potcnual role in TCM analyses is a theme that runs
through much of the memorandum.
rhe first sccuon oi the memorandum crr'eks past CTPS analyses of TCM's into their typical consutuent parts in
order to provide at least one conceptual framework for thinking through such analyses. The second section
discusses alternative analysis approachcs that can be used within that framework, including the use of thc regional
model. The third secuon describes the CTPS regional model in more detail and the final section synthesizes all
Informauon into a summary of guiding pnnciplcs and possible analysis approaches for specific categories of
TCM's.
.01 TYPICAl. TItIRlE.STAt; TTUI\ ý\ -'_YSI PR(OC)
i'ast analyscs o: TCM's at LCTPS. n•Iodi-i.JSCL and otherwisc. have. tvpically entailcd sequcnually ~cmumating the
CM's impacts first on traveler bchavior. then on t e transp)rtation systemn and finally on mntssmins. These three
unalyvss stages are descnbed very gcncrallýy below.
2.1 Predicting rraveler Responswe
Traveler response refers to how travclers will react to the implementauon of a TCM. The primary cfect uf a TCM
may be to switch some travelers to non-automobile modes. while the etlect of another may be to shift auto travelers
from peak to off-pc•k travel times. Some TCM's may elicit multiple traveler rcsponses. Following..arc eOmc
responses TCM's could clicit
* Mode shifts: Switching from automn6olc to transit or to non-motorIzed modes.
* Occupancy shifts: Switching from n.m:l c.occupant to multiple-occupant autos.
* Temporal shifts: Shifting travcl from peak to off-peak times.
* Travel path shifts: Switching from one highway route to another or switching from one transit route to
another while soil traveling bctwccn the samc origin and dcsunauon.
SDcesunauon shifts: Certain types of urips might be made to closer dcstinations. hence shortening utrp lengths.
* Change workplace/rcsidcnce locaton. .' possible long-tcrm response that could have the ultimate effect of
shorncning trips or causing mode shifts. - 499
Clean Air Technical Advisory Commttee February 12. 1993
* Reduced tripmaking: Some travelers might forego certain rnps altogether.
In some cases, traveler responses can be predicted probablistically within the regional model. For example. the
regional model will predict the probability of travelers switching from auto to transit in response to reduced transit
fares. This will occur in the mode choice poruon of the model chain in which relationships between travel costs
and mode choices that have previously been statistically estimated reside. On the other hand. the traveler response
to certain other TCM's must be estimated informally and judgmentally, perhaps on the basis of reported experience
elsewhere, as there is no formal mechanism for doing so in the regional model or otherwise.
2.2 Estimating Transportation System Impacts
Once traveler response to a TCM has been estimated. the resulting impacts of that response on the transportation
system must be esumated. The transportauon system of interest can be the regional system, a single intersection or
something in between.
The following system impacts arc of intcrcst for rcgional air quality analysis:
* Changes in the number of automoole vehicic tnDs.
* Changes in vehicle miles travcled (\'MT) rcsuting trom oth trinp reductions and shorter trips
* Changes In speeds.
• TCM that leads to a rcduction in automobile %veniclc trips will reduce cold and hot start cmissions as well as
VMT. Reductions in VMT c-n occur due to txbth trip reductions and shortening of trip lengths. Incrcases in
,pceds can occur on specific roadways due to rcductons in traffic and/or increases in capacity.
System impacts can be csumatcd with much precision. as when a regional model is run to calculate speed changes
on all roadway links in the system, or more roughly. as when average regional tnp length is multiplied by an
assumed change in the number of vehicle trips in order to estimate VMT change.
'3 Estimating E.missions Impacts
inmpacts on emissions are calculated using tutpuis of the transportnaton system analysis. together with emissions
!actors. At CTPS. we use EPA's MOBILE model to prxoduce emissions 1actors. We have been using MOBILE 4.1.
tut antucpate switching to the newer MOBILE 5.0 soon. We run MOBILE once for a given analysis year (as
Opposed to once for every TCM analysis). using a host of inputs that descnribe such things as local meteorological.
leet-mix and Inspecuon/Maintenancc program characteristics. The program outputs emissions factors for Volaule
Organic Compounds (VOC). Carbon Monoxide (CO) and Oxides of Nitrogen (NOX).
These factors are applied to VMT and speeds dcnvcd from the transportauon systems analysis. This step yields
esumates of LtoJ emissions associated with a particular TCM. These emissions arc compared to those associated
with the same system in the absence of the TCM in order to derive the change in emissions associated with the
TCM.
3.0 A LTER NATIVE ANA']LYSIS APPROAC('IF
The three-stage TCM analyscs done by CTPS tend to have been accomplished using one of three approaches:
regional modcl-bascd. partially regional modcl-based and non-regional modeled-based. In addition, there have
been "fCM's for which we could not dcnrvc a credible analysis approach. Each of thcse approaches is descnbed
below. - 500
Clean Air Technical Advisory Committee
3.1 Regional Model-Based
Many TCM's can be readily represented in the regional model in order to predict traveler response and system
impacts. Good exampl of these exist amon the Wransit service i vem nw e e he Pro
for Mass Trans~io n.' Transit line extensions, headway improvements and running time improvements can all
be coded directly into the model, and changes in regional trips, VMT and speeds can all be automatically output
and used for emissions estimation. The model chain, in these cases, contains variables that are sensitive to the
TCM action being tested.
In a sense, these are the easiest analyses to conduct because a routenized and validated procedure exists, and if it is
followed properly, a valid estimate can usually be obtained. On the other hand, these can be the lengthiest analyses
because setting up and running the model. and summarizing and interpreting the output, can be very time.
consuming. For that reason, we generally like to run the model only when it clearly represents the superior
analytic approach.
.A major issue with regard to TCM's and regional models is that these models were not developed with TCM
tesung ni mind. Instead. regional models came about mn order to test the effects of fairly large-scale capual
invesunents such as highways and rail lines. That is not to say these models cannot be used for TCM testing, but
there are many TCM's whose effects are small enough that they are well within the error-range of regional models.
There are many other TCM's that a regional model is simply not sensitive to.
Currently, there is a great deal of research and discussion in the modeling field pertaining to actual and perceived
mismatches between the kinds of policy questions now being asked and the kinds of answers that regional travel
models can give. The Clean Air Act Amendments and ISTEA have generated many of these questions and some
of them have to do specifically with the ability of regional models to provide guidance in TCM/air quality matters.
For example, critics (both modelers and non-modelers alike) have cited the inability of most regional models to
deal with non-motorized modes as a drawback to their use in TCM analysis.
At CTPS. we are addressing some of these concerns in the course of updating our model chain. Even stll, regional
models will probably never be able to analyze the impacts of many kinds of TCM's either because those TCM's
imply very small changes an system impacts or because no analytic device, model-based or otherwise. can
,ucccssfully predict their unmpacts.
3.2 Partially Regional Model-Based
There arc TCM's that do not lend themselves to being directly modeled. but for which portions of the regional
model can be run. These are TCM's for which the model cannot itself predict traveler response. What we have
done in some of these cases has been to estimate traveler response using judgmental techniques and then to use the
regional model to calculate system impacts. For example, in a study of corridor improvement options done for the
Massachusetts Highway Department. peak penod traffic reductions resulting from a hypothetical Transportation
Management Organization (TMO) were predicted. We assumed an employee participation rate in the TMO area
and, based on a literature search, assumed a particular percent reduction in peak-period vehicle trips that might be
achieved among those participating employees in the TMO. We then manually adjusted the vehicle trips in the
model downward and assigned them to the highway network. In other words, we assumed a traveler response
using our judgment and then ran part of the model to estimate what would happen in the system, given that
assumed response. Finally, we applied emissions factors to the traffic assignment outputs.
i The Program for Mass Transportation as this region's long-range plan for public transportation. It is currently
being updated and will eventually constitue the transit element of the region's overall transportation plan.
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33 Non-Regional Model-Based
There are many TCM's for which running even part of our regional model has not been an option, either because
the model was not direcdy sensitive to the TCM in question, because there was no time to run the model or because
the model was deemed to be too blunt an instrument with which to conduct the analysis. In these cases, we
resorted to sketch planning and other kinds of analyses.
Sometimes, we relied on case study information provided in the literature to provide guidance on likely TCM
impacts in our region. In still other cases, even though we may not have run any part of our model, we still used
information derived from previous model simulations. In fact, many of the reports now appearing that discuss
sketch planning and other approaches for TCM analysis assume that the analysts will have access to data from
regional models. Geographic-specific mode shares, average vehicle occupancies, average trip lengths -- these are
all data items that could be obtained from a regional model and then used in a "back of the envelope" analysis.
There are several reports out that provide guidance on TCM analysis techniques and case study informauon when
regional models are either unavailable or not suitable. Some of these reports that CTPS has copies of are as
follows:
* EPA and Pacific Environmental Scrvices. Inc.. Transortation Control Measures: State Implemcntation Plan
Guidance, September 1990.
* Systems Applicatons Internauonal for U.S. EPA. Methodologies for Estimatin! Emission and Travel AlAivit
Effects of TCM's, July 1992.
* Cambridge Systemaucs, Inc. CL al. for U.S. EPA, Transoortation Control Measure Information Documents,
March 1992. .. .. .... .-
* Sierra Research. Inc. for San Dicgo Association of Govcrnmcnts. Methodologies for Ouanufyivn' the Emission
Reducutons of Transortation Control Measures, October 1991.
* Northeast Associauon of State Highway and Transportatiauon Officials Task Force on Transportauon Demand
Management. Trmsnsortation Demand Management min the Northeast Catalog of TDM Technioucs, Apnl
1991.
* Analytics. Inc. for the Small Business Innovauve Research Program, Transportaion Systems Center. AA
Assessment of Travel Demand Management Anoroaches at Suburban Activitv Centers, July 1989.
COMSIS Corporation for FHWA, Evaluation of Travel Demand Management (TDM) Measures to Relieve
Constion. February 1990. ... ., , -- . ..
Many TCM's represent small-scale traffic flow improvements. Actions such as intersection improvements and
arterial widenings have been analyzed with traffic engineering software packages designed for these purposes. If,
for instance, signal retiming at an intersection was contemplated as a TCM, we ran the so-called CINCH program
which estimates the extent to which vehicular delay can be reduced by signal retiming and other actions." That
information, together with MOBILE cmissions estimates, allowed us to calculate VOC and CO reductions.
The CINCII computer program was written by Dan Beagan. now of the Massachusetts Highway Department. It
is used4to analyze signalized and unsignalized intersections using methods outlined in: Transportation Research
Board. National Research Council. Ilighwav Canaeiiv Mpunl, Snerial Renort 209, 1985.
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3.4 Non-Quamtifiable
A final category of TCM's consists of those whose impacts we are not able to quantify, or at least to quantify in any
meaningful way. In other words, it is anyone's guess as to what the impacts would be of projects in this category.
Examples of these might be employer-based tax incentives or awards to companies for doing a good job of reducing
trips. The behavioral effects of these cannot be estimated in our models, regional or otherwise, and it is diffricult to
imagine how their impacts would be quantified as there is very little information on which to even base an
educated guess. Therefore, we could probably not credibly analyze the potential impacts of some of these
programs.
4.0 TIH CTPS RFCIONAL1 MODEL AND EMUISIONS VSTIMATION PROCESH
The CTPS regional model covers an area extending west to the vicinity of 1-495, north to New Hampshire and
South to Plymouth and Rhode Island. With it, we simulate travel for 1990, 2000, 2010 and 2020. It is being used
currently in the Program for Mass Transportation planning process and it has recently been used in corridor studies
done for the MHD. Last year. it was also used to conduct a portion of the region's TIP conformity analysis. (Other
poruon's of the conformity analysis were done using traffic engineering models.)
The regional model is now undergoing a major updating on the basis of a 1991 household travel survey, the 1990
Census and other information. An interim updated model is due to be ready around the end of March 1993 and the
final version will be done next year. The interim model will not be ready in time to perform TCM testing for the
Task Force. Therefore, the following description relates to the structure of our model as it now exists. Most of the
improvements represented by the interim model relate to variable sensitivity and comprchensivencss. That is, the
new model will be sensitive to a larger number of factors than the existing model and it will allow us to perform a
variety of types of modeling -- transit, highway, HOV -- in a more integrated fashion.
Our model chain is similar to that used in most large urban areas of North America. These model chains are
commonly referred to as four-step urban travel demand forecasting models. The four steps consist of trip
generation, trip distribution, mode split and assignment.
4.1 Trip Generation
frip generaution consists of translaung populauon, employment and land use into estimates of daily person trips.
rhis first step is a crnucally important one because it determines the basic level of tripmaking that will occur in the
transporation system. Sjbsquent steps take this level of tripmaking as a given and silplyallocatc it spatially,
em~rlIIlu ' a m vllv. At CTPS, trips are generated for four pur6eiis'1i e-based work, home-bascd'e ol,
home-based other and non-home-based. A home-based trip has either its origin or destination at home. Trips are
generated on the basis of traffic analysis zones (TAZ's), of which there are currently 775 in the CTPS model
region.
In the CTPS regional model chain. walk and bicycle trios are not dealt with in either the tmp gcncrauon or
subsequent steps. Only motorized tips are included in the process. Therefore, we are not able to explicitly
estimate the effects some TCM's may have in switching travelers from autos to the walk and bike modes. In order
to do so, we would have to make assumptions about how many trips to remove from the set of motorized trips and
carry that modified set of trips through the model chain.
The effects of certain policies, TCM's or otherwise, can be simulated by changing trip generation. In past testin
n c d hs whforss•d tinesa allocatyion -ofm a
5.04 lad elwm,,mi , l-m ienn dtrinu fTAZ's in the rcion. We
then carried these new trips through the rest of the four-step process in order to estimate system impacts.
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We will soon have a land use allocation model linked to the four-step process but not in time to perform TCM
testing for eI task Force. We will obtain allocations of population and employment from the land use model for
use in trip generation. Moreover, we will be able to test the effects of alternative anraon investments on
land s- allggadon because we will build in n e caoops rom the four-step process bac to
land use model. )
4.2 Trip Distribution
In trip distribution, the daily person trips generated into and out of each TAZ are linked together into matrices or
person trip tables -- one for each of the four trip purposes. The trip tables therefore represent the numbers of trips
flowing from every TAZ to every other TAZ. The distribution model is a so-called gravity model because it is
loosely based on the law of gravity. The number of trips originating in a given zone that are distributed to another
zone is directly proportional to the total number of trips destined to that other zone. On the other hand. the
number of trips originating in a given zone that are distributed to another zone is also inversely related to some
measure of spatial separation between the two zones. In other words, the farther apart the destination zone is from
the origin zone, all other things being equal, the smaller the share of the origin zone's trips it will receive.
We use a measure of spatial separauon, termed impedance, that consists of a weighted average of automobile and
transit travel times. In1se tnmes ar- mmmarii-d" -romur computerized highway and transit networks. (More on
these later.) When a transvograuon unprovement, such a aa~rtsa'exnsson or an HOV lane, is represented in
the networks, the diistn-•uon.model recomputes zonc-to-zone.travelimpedanccs and redistributes trps toreflect.
that some TAZ's would be relatively more accessif.to one anothe hC "rscenC of he roicct. Note that the
total numberof tipsin the system remains constant: they are simply re-distributed.
4.3 Mode Choice/Occupancy Shift
The mode choice model is by far the most conceptually and technically complex model in the four-step chain. It
takes as input the four person trip tables output from trip distribution and predicts, for each zonal interchange, the
share of travelers who will use each available travel mode. It does so by evaluating the times and costs (!fir-
summarized from the networks) of the competing modes, as well as ccnin charac•~rs r~ ... o1
the TAZ's they are traveling between. The models (a separate one for each trip purpose) t:Le :ý: ýausucaily
esumated on the basis of past travel survey data.
The mode choice mod is pro.ably the most imDotan model in the chain for TCM temnn. After all. the point of
many'TCM's Is to cause travelers to switch from auto to transit. The mode choice model is the tool that can predict
to what degree travelers would, in fact, switch modes. In many TCM analyses for which a regional model is not
run, the relationships from an estimated mode choice model are nonetheless used, perhaps by embedding them in a
spreadsheet and doing some "pivot-point" analysis (pivoting around existing mode shares).
The mode choice model currently used at CTPS is sensitive to the following major variables when predicting the
choice between automobile and transit:
* Travel time -- in-vehicle
* Travel time -- out-of-vehicle (includes walking and waiting time)
* Travel costs -- out-of-pocket (gas, tolls, parking, fares)
* Auto ownership
Note that whem ongi arous ,•nlz V,- t•wee kin feeder bus to a rail line versus
klin n -tonrUESs bus all he way -- the mOsA nrnabI ath or routing is deterined n by t minc cd cy ,el
but by the transit network at another point in the model process.
-
MMEON-m.
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The mode choice model currentndy in use doesinot predict automobile usage ccuPancy level: that is, by drive
alone versus 2-occupant carpool versus 3-occupant carpool, etc. Instead, we cuntly have a separate model that
•gms this fction, but only for specific kinds of projects. Our occupancy shift model, which has been used
recently in HOV studies done for the MHD, predicts how travel time improvements resulting from HOV lanes will
shift travelers from single-occupant vehicles to carpools and vanpools.
The direct output of mode choice consists of four tables, by purpose, of transit person trips and four tables of
automobile person trips. The four transit trip tables are summed into one transit person trip table. The four
automobile aro trip tables are converted into automobile vehicle trip tables using purpose-specific occupancies.
These vehicle trips are then summed to a single table, and truck and taxi vehicle trips (estimated by means not
described in this memo), are added.
The resulting daily transit persons and daily vehicle trips are assigned directly to their respective networks. In
addition, they are factored down to represent tripmaking for specific times of day. We typically factor transit trips
down to a morning peak hour table and vehicle trips down into five different time periods. These tables are then
also assigned to their respective networks. The peak hour and/or peak period assignments allow us to analyze the
interaction between peak demand and capacity.
Of interest in some TCM analyses is the number of auto trips not made as a result of travelers' switching to transit
in response to a given acuon. Such reductions in auto tnraps are. of course. implied by the outputs from the mode
choice model.
4.4 Trip Assignment
As was alluded to earlier, we build and maintain corhputer representations of the region's highway and transit
networks. These represent the supply-side inputs to the travel forecasuing process. The highway network consists
of all express highway and major arterial roadways in the region, most minor arterials and many collector and
local streets. The transit network consists of all MBTA rail and bus lines, all private express bus lines and many
private local bus lines.
The networks are used to determine umes and costs between zone pairs for input to trip distribution and mode
choice. They are then ultimately used in trip assignment, the Lsn in which trps by mode are 'assigned" to specific
roadwayand transit routings through the system. It is from vehicle ina -,nmnt that we obtain csumates 0o
VMT and tray ,VR .wC are then used in emissions esutimaution.
4.6 Regional Emissions Estimation
Currently, our regional emissions estimation process considers two transportation system variables -- VMT and
travel speed. From a vehicle trip assignment. we obtain assigned vehicle volumes and congested travel speeds on
each roadway link in the network. We then input that information, along with the distance of each link, into a
program in which we have embedded MOBILE emissions factors. The program applies an appropriate emissions
factor to the calculated VMT on each link (VMT = vehicle trips x link distance) based on that link's congested
speed. It then sums resulting emissions estimates across all links to a regional total. It performs these calculations
for VOC, CO and NOX.
We have nt .i.npaslodclinarcutd for emissions chanres associated with changes in trip s~is. We are
now looking into the advisability of doing so and into ways of accounting for such changes in our modeling. We
have also not attempted to account for secondary effocts of TCM's. For example, we have not tried to account for
us*ag1tW othq~irjllYmcC bc=o£LcarsACLfte Jomc byLa ,neIr whn %""wtw-,- .Zi rwtivould be dlf OTitl
account for this in a regional model and the evidence surrounding the issue is somewhat mixed. Some analysis
approaches appearing in the literature do recommend accounting for this phenomenon.
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111 SYNTHESIS OF GIIDANCE ON TCM ANALYSIS
The preceding sections discussed a conceptual framework for TCM analyses, discussed distinct analysis approaches
and reviewed the CTPS regional model. In this section, all of this information is synthesized into a set of guiding
statements regarding TCM analysis. First, some general considerations are summarized and then the analysis of
TCM strategies is summarized according to the twenty categories familiar to the Committee.3
5.1 Some Guiding Considerations
* The larger or broader the anticipated TCM impact, the greater the rationale for using the regional model.
* The smaller or more localized the anticipated impact, the greater the rationale for using "back of the envelope"
techniques or case study information from the literature.
* The more specifically an action can be defined, the easier it may be to analyze.
* If an action clearly affects a specific component of travel cost or travel time, use of the regional model might
be appropnate.
* For many TCM's. case study informauon will be far more valuable than any onginal analysis.
* Many TCM's -- transit. HOV, land usc-based, arc being analyzed now or will be analyzecd soon In the context
of other studies.
* There are several EPA. FHWA and other reports -- CTPS has several of them -- containing suggested non.
model-based quanutative analysis approaches, some of which can be used by the Committee.
* The impacts of many TCM's simply cannot be credibly quanufied.
5.2 Analysis Possibilities by TCM Category
This summary is not designed to explictldy include all TCM's the Committee is aware of or to be a definitive set of
instrucuons on how to analyze rCM's. It is, rather, designed to identify a range of TCM's and possible analyuc
approaches based on Informauon presented in preceding secutions.
* Prorams for Imoroved Public Transit: Specific transit route. headway and travel time changes can be coded
into the regional model to predict changes in automobile trips. VMT. and highway travel speeds. It may be
that. since numerous transit projects are now being analyzed in the Program for Mass Transportation. there
will be little for the Committee to do in this area.
* High Oecunancv Vehicle Facilities: Specific HOV lanes could be represented in our regional model to predict
changes (fom single-occupant to multiple-occupant vehicles. This is a very time-consuming procedure.
however, and the Regional Transportauon Plan and HOV Systems Analysis are going to analytc these types of
facilities later this year.
* Emplover-based Transortation Management Plans: This is a very broad category. If specific actions that
affect travel time or cost in specific geographic areas are identified, then their impacts can be modeled. If
hypothetical effects on vehicle trips can be generalized from the literature, then these trips can be manually
manipulated in the model and assigned to the network.
'See Sonia liamel's list entitled 'Transportation onntrol r eures. Strategies for Discussion." February 1993.
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* Tri Reducn Ordinances: This is also a very broad category. Again, if specific reductions on vehicle trips
can be hypothesized or "guesstimated" from the literature, then vehicle trips in the model can be manually
reduced and then assigned to test for system impacts.
S Traffic Flow Im vements: Specific intersection improvements or arterial widenings and the like can be
evaluated with traffic engineering software. Changes in delay can be calculated and used to calculate
emissions impacts. Incident management programs per se cannot be analyzed effectively, but if specific
actions can be identified, they could be analyzed using judgmental techniques.
S Parking Facilities for HOVs or Transit: When parking lots are connected to transit lines, they can be
analyzed in the regional model. If they are to be staging areas for HOVs only, then a sketch-planning or other
non-model technique can be employed. The MHD, with CTPS assistance, is starting now to comprehensively
analyze park/ride demand at a host of sites around the region. The Committee should be careful not to
duplicate that work.
* Vehicle Use Limitations/Restrictions: The effects of these are highly speculative. If specific reductions of
vehicle trips can be hypothesized, then these can be manually manipulated and assigned in the regional model.
Case studies of experience elsewhere might provide some insights.
* Proarams for Provision of All Forms of Hinh-Occuancv,. Shared.Ride Services: The effects of things like
improved marketing and commuter informauon programs are highly speculauve. There may be quantitative
tools available in the literature for addressing some of these. Again, case studies of experience elsewhere
might provide some insights.
S Pronrams to Resmtr or Limit Portions of the Road Surfaces of Certain Secuons of the Metrooolitan Areas to
the Use of Non-Motorized Vehicles or Pedesmtan Use: The effects of these are highly speculative and possibly
very marginal. Case studies might help.
* Prourams to Encourage Bicycle Use: We have no techniques readily available with which to analyze these. If
one were willing to assume some rcducuon in motorized vehicles occurring in a specific geographic area in
response to new bicycle facilities. the regional model's vehicle trips could be manually reduced and assigned.
However, the probable effects of such programs are small enough that using the model mightrt be overkill.
* Prornams to Control Extended ldline of Vehicles: The c'fects of reduced idling in tralfic queues might be
analyzed with traffic enginecnng programs.
* Programs to Reduce Motor Vehicle Emissions Caused by Cold Start Conditions: Actions that cause travelers
to leave their cars at home can be analyzed either in the regional model or with other quantitative analysis
techniques.
* Emolover-Sponsored Prorams to Permit Flexible Work Schedules: The regional model cannot yet predict
how travelers might shift from peak to off-peak travel times or from five.day to four-day work weeks, but if
assumptions about this are made, based on experience reported in the literature, then trip tables can be
manually manipulated and assigned in the model. For very localized programs, a non-model-based analysis.
perhaps using basic trip flows reported from the models, might be employed.
* Prorams and Ordinances to Facilitate Non-Automobile Travel. Provision and Utilizatlon of Mass rmnsiL and
to Reduce the Need for Single-Occupancv Vehicle Travel Gcnerallv: This is a very broad category. Much of
what might fall into it is highly speculative. Depending on the specific measure idcnufied, any one of several
analysis approaches could be employed. Many measures would likely not lend themselves to any analysis.
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* Programs for New Construction and Major Reconstruction of Paths. Tracks. or Areas Solely for Use by
PedeMtrians or Other Non-Motmized Means of Transortation: The effects of these are highly speculative.
Case study information may prove most valuable.
* Proarams to Encourage the Voluntary Removal of Pre-1980 Model Year Light Duty Vehicles and Trucks:
These progams may not easily lend themselves to analysis, unless an assumption is made about the success of
a particular program. Then, MOBILE could be rerun in order to obtain emissions factors based on different
fleet-mix assumptions. These could then be applied to transportation system outputs.
* Measures for Cleaner Vehicles: Most of these do not appear to lend themselves to analysis.
* Land Use easures: Land use assumptions underlying trip generation in the regional model could be
manually modified in order to simulate system impacts of alternative policies. This is very time-consuming,
however, and doing so may not fit into the Committee's rather compressed schedule. The Regional
Transportation Plan process will probably entail doing just this sort of analysis.
* Parking Management Proiams: If parking programs can be translated into parking cost impacts. they could
be modeled in the regional model or they could be analyzed using other TCM analysis techniques. Some
programs in this category would be very difficult to analyze by any means.
* Other: Most items listed in this category would be very difficult or impossible to evaluate. Refer to the secuon
on guiding prinnciples above.
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Memorandum of Understanding: Traffic and Air Quality Mitigation for the Central
Artery/ Third Harbor Tunnel Project. Also referred to as the CLF MOU in this thesis.
Source: Air Quality #2, pages V-320 to V-332.
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MEMORANDUM OF UNDERSTANDING:
TRAFFIC AND AIR QUALITY MITIGATION
FOR THE
CENTRAL ARTERY/THIRD HARBOR TUNNEL PROJECT
1. Parties. The parties to this agreement are the
Executive Office of Transportation and Construction of the
Commonwealth of Massachusetts ("EOTC"), the Massachusetts
Department of Public Works ("MDPW"), and the Conservation Law
Foundation ("CLF") (hereafter collectively referred to as "the
parties").
2. Need for Mitigation Measures. The parties agree that:
The Central Artery/Third Harbor Tunnel Pro3ect ("the
Artery/Tunnel Project") can play a major role in producing
significant long-term improvements in traffic congestion and
air quality:
In order to ensure these improvements in conditions,
the parties acknowledge the desirability of implementing new
and expanded measures to provide transportation by
alternative modes and to increase the efficiency of use of
the highway system that includes the Central Artery and
harbor tunnels;
The 1990 amendments to the Clean Air Act .pose
ma]or new requirements on Massachusetts, making it
essential for the Commonwealth to position itself to
meet those requirements in a manner that enhances both
environmental quality and economic prosperity: and
The implementation of the measures referred to in the
preceding paragraphs will contribute to the long-term
success of the project under the range of conditions that
may prevail in the year 2010 and thereafter.
3. Nature of Commitments in This Agreement. The
commitments described in this agreement should be incorporated
into the certificate of the Secretary of Environmental Affairs on
the final supplemental environmental impact report ("FSEIR") for
the Artery/Tunnel Project and into the record of decision for the
project issued by the Federal Highway Administration ("FHWA").
The parties agree to take all steps appropriate to their
respective offices, and to use their respective authorities and
.means to the full extent necessary, in urging that the
:commitments be so incorporated.
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These commitments shall be incorporated in the Artery/Tunnel
Project, implemented, monitored and enforced to a___l.east ta__ same
extent as other mitigation commitments made in- the environmental
impact statemen_ or report, tne secretary's certificate or the
trecdZ oCi7sion for the Arte~ryJTugeJ.project. They are
intended to supplement, not to limit or substitute for,
commitments made in the other documents just mentioned. The
commitments described herein are intended by the parties to be
fully binding and enforceable under any applicable law.
4. Parking Freezes. The MDPW has undertaken a sensitivity
analysis of the traffic forecasts used to predict air quality
impacts of the project. In that sensitivity analysis, several
critical input variables were tested to learn their e_fect on
traffic volumes. The results of this analysis .ndicate that of
all the public poiicy Lnterventions examined, a parKina control
policy would be the most effective. A full parking freeze for
Boston and Cambridce would lower regional trip ends by 135,000.
The parties agree that parking policy represents one of the most
important areas for improved environmental control and
intervention. New cr revised parking freezes that ensure ~ign
levels of service !or at least nao ...rther dtr:c~,'ira rn of
service) and the attainment of ai.z quality goals without
increasing street or road capacity shall be put into effect for
East Boston/Revere, South Boston, Downtown Boston and Cambridge
and made part of the State Implementation Plan for Massachusetts
under the Clean Air Act. The parties agree to take all steps
appropriate to their respective offices, using zheir respective
authorities and means to the full extent necessary, -c .zttain
these goals.
A. Each freeze shall impose a firm limit on the
total number of parking sn~ces in the geographical area to
which the freeze applies., kch ',uch lim. - .7all be
calculated to ensure the .:.-Zainment of 4v; ..
air quality cojectives. In addition, it may be appropriate
for some or all freezes to require holders of permits for
new or exist:no spaces to establish aggressive employer-
based transportation demand management programs, to provide
preferences -- through set-aside, pricing, and other
requirements and incentives -- for high-occupancy vehicle
("HOV") parking, and/or to provide appropriate preferences
for short-ter... (non-commuter) parking. It may also be
appropriate t, issue permits on the basis of use-specific
ratios of allowable parking spaces per 1000 square feet of
space developed, and to vary.the ratios used within
different districts in a freeze area according to the
districts' proximity to mass transit seirvices.
V-321
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B. The Metropolitan Planning Organization ("MPO")
shall submit, in each of its parking freeze submissions to
DEP, language which would require that the review and
approval of additions to or changes in facilities providing
parking spaces in each of the freeze areas shall be
administered in accordance with a plan to be submitted to
the Governor which sets forth the procedures by which the
permitting of facilities in the area shall occur. In the
-case of the parking freezes implemented by the City of
Boston, for example, these permitting procedures would be
set forth as a proposed text of amendments to the current
BAPCC "Procedures and Criteria for the Issuance of Parking
Freeze Permits." Such procedures and criteria are subject
to an open public hearing process conducted by DEP. The
parties agree to take all steps appropriate to their
respective offices, using their respective authorities and
means to the full extent necessary, to ensure that they are
effective in meeting the intent of the parking freeze.
C. Given that the MPO has, at the recommendation of
the Secretary of Transportation and Construction
("Secretary"), proposed a South Boston parking freeze, the
Secretary shall transmit the freeze to DEP within fourteen
days from the date of this agreement. The parties shall in
the ensuing months take all steps necessary to see that the
South Boston parking freeze is adopted, and that the
Cambridge and Downtown Boston freezes are revisea, .is
quickly as possible in accordance with the orevicus
paragraphs. The parties specifically agree that Luch
revisions shall apply to all off-street spaces, and cnaiL
address the current problems createc bv exemotlon rf
employee spaces from the freeze concept.
5. ta.,s Transit. The use of mass transit by commuters,
airport travelers and others in the Boston metropolitan area
shall be maximized. EOTC shall complete and provide to the other
parties no later than December 31, 1991, an initial study of
transit improvement strategies in addition to those called for Dy
this agreement and the FSEIR, and shall make every effort to
reach a consensus with the other parties as to the conclusions
and implementation of that study by March 31, 1992, at which time
it should be addressed in a revised Program for Mass
Transportation ("PMT"). The parties agree that all of the public
transportation improvements discussed below, including rapid
transit, commuter rail, bus, water shuttle and station and
parking facility improvements will contribute to the success of
the total transit plan. The parties also acknowledge that the
implementation of other transit pro)ects contained within the
Artery/Tunnel Project, including the replacement of the Dewey
Square Bus Station at South Station, the reconstruction of the
V-322
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Airport Blue Line station, and the creation of the underground
right of way for the South Boston Piers access transit project
-will contribute to the attainment of the Artery/Tunnel Project's
environmental goals.
The parties recognize that implementation of most or all of
the transit improvements addressed in this agreement is subject
to public environmental review processes. If any planned
improvement is found in the course of such a review process o
have environmental impacts which render the project infeasible,
EOTC shall develop and implement a substitute transit facility or
service that will serve at least the same number of passengers in
the same transportation corridor as the transit improvement
contemplated by this agreement. In implementing transit
i.mprovements under this agreement, EOTC shall confer rith the
nther parties on a quarterly basis in the manner descr:bed below.
EOTC shall also do the following.
A. Aljl of the improvements .: ..
thisa•rLr me;tshall be co- . •  , snal-" make every
effort, to cor; e':te each ...r .ement by the last day of the
calendar year stated as the year of completion in Appendix
A. EOTC shall begin the operation of each new facility or
service by the last day of the calendar year followinqgthe
stated year of completion.
B. Although new circumferential transit :acilities
were not assumed in the FSEIS/R torecasts, EOTC ;nall
determine whether and how to connect radial zrans:: zerv.'ce
corridors outside the central business district ,provide one
or more permanent circumferential transit facilities). On
the basis of a feasibility study of various alternat:ves,
EOTC shall complete and provide that study to the other
parties no later than December 31, 1994, and shall make
every effort to reach a consensus with the other parties as
to whether and how to provide permanent circumferential
transit facilities by September 30, 1995.
C. EOTC agrees to pursue with due diligence the
program to attain three hour travel speeds for high speed
rail between New York and Boston, as its highest inter-city
transportation priority. Second, EOTC agrees to pursue high
speed rail services along the inland route connecting
Hartford, Springfield and Worcester to Boston. Third, .OTC
agrees to work cooperatively with the States of Maine and
New Hampshire to attain high speed rail service between
Boston and Portland, Maine.
Fourth, EOTC agrees on the desirability of •xtending
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Northeast Corridor service north of South Station, possibly
on a new alignment. Toward that end, EOTC shall determine
whether and how to provide a rail connection between South
Station and Logan Airport on the basis of a feasibility
study for such a connection. EOTC shall complete and
provide that study to the other parties no later than
December 31, 1991, and shall make every effort to reach a
consensus with the other parties as to whether and how to
provide such a connection by March 30, 1992. EOTC shall
complete a preliminary study of the compatibility of
planned construction work for the Artery/Tunnel Project with
such a connection and provide that study to the other
parties no later than February 28, 1991, and shall make
every effort to carry out design and construction work for
the Artery/Tunnel Project so as not to interfere with the
development of a r-ail connection between South Station and
Logan Airport.
D. Given t~-e success of the Massport Braintree
terminal .projecz, and given the progress in establishing a
multi-modal terminal in Natick, the Secretary shall make
every effort to obtain from the Massachusetts Port Authority
by June 30, 1991, commitments (1) to develop suburban
"remote terminal" facilities designed to reduce automotive
travel to Logan Airport, and (2) to expand HOV facilities
and services within Logan Airport and to coordinate them
with other HOV facilities and services, including those
developed as carz of or in connection with the Artery/Tunnei
Pro)ect.
E. EOTC, _n cooperation with MDPW, the Massachusetts
Port Authorite and the Massachusetts Turnpike Authority,
shall complete and provide to the other parties by December
31, 1991, a feasibilit*" study of the relocation of some of
the existing Sumner Tunnel toll booths to a location along
Route lA, generally in the vicinity of the Airport Blue line
station, that would allow for airport users to utilize
separate toll booths from those approaching from other
directions. Given the ability to differentiate subgroups of
tunnel users, EOTC shall examine in that study the use of
toll pricing to regulate trips to Logan Airport,
acknowledging the needs of airport employees. EOTC shall
make every effort to reach a consensus with the other
parties as to how best to use toll pricing to regulate
vehicle trips to the airport by March 31, 1992.
F. The parties agree that MBTA fares should be
indexed so that they do not rise more rapidly than fuel,
toll and other costs of automobile use, or than the rate of
inflation, whichever rate of increase is lower. The parties
V-324
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shall make every effort -o reach a written consensus zy
September 30, 1991, on a specific long-term means of
accomplishing such indexing to the full extent possible
under existing statutes.
G. EOTC shall complete and provide to the other
parties no later than September 30, 1991, a feasibility
study examining alternative means of providing a water
shuttle service from Boston to the North Shore, which shall
explore the special problems of commuter operations in open
ocean waters and make recommendations concerning strategies
to deal with this problem. EOTC shall make every effort to
reach a consensus with the other parties as to how best to
provide such service by December 31, 1991.
6. Radial Capacit'. lo expansion of the radiai roadways
co and from Boston shall be undertaken within the Route 128
radius. Capacity shall not be expanded in either
through the addition of lanes on any of the
although localized improvements necessar - · e sai-• y or
to enhance HOV access may be car'r . .,. "Raaial roadway" means
a roadway whose mn,--or peak·--c:our -unction is to carry passenger
and other vehicle:. ý: and from Boston. This commitment shall be
incorporated in the State Implementation Plan for Massachusetts
under the Clean Air Act. The parties agree to cake all steps
appropriate to other respective offices, using their respective
authorities and means to the full extent necessary, -o attain
such incorporation.
7. RequlatCon Governng Roaaway Tunnel '>ncslar.ncn
Systems. DEP has putlisned in drart form a proposed regulatlon
governing roadway tunnel ventilation systems in the Boston
Metropolitan Air Pollution Control District. The parties shall
make ever- effort to assist DEP in expediting the issuance of a
final regqlation in order to ensure the attainment and
maintenance of the air quality goals of the Artery/Tunnel
Project. The parties agree that'all appropriate terms of this
agreement, including but not limited to those pertaining to the
triggering of expanded HOV measures, should be incorporated in
any compliance plan that may be submitted for the Artery/Tunnel
Project (see proposed 310 CMR 7.38(5)(November 1990)). All
commitments in this agreement shall be implemented and
enforceable whether or not the measures to be undertaken pursuant
to those commitments are also required under the DEP regulation.
8. High-Occupancy Vehicle Facilities. The highest
possible level of high-occupancy vehicle ("HOV") utilization
shall be attained throughout the entire highway system that
includes the Central Artery and harbor tunnels, to the full
extent that individual HOV facilities and priority mecnanlsms
.-325
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contribute to improved environmental quality and sound traffic
management. Both commuters using highways to and from Boston and
travelers, patrons and employees using highways to and from Logan
Airport should utilize HOVs and mass transit. Conversely, the
goal of the commitments made in this memorandum is to reduce to
the maximum extent feasible single-occupancy vehicle travel by
those two groups and others.
To that end, the parties agree that the actions described
below shall be taken. The commitments outlined in this section
shall be incorporated in the State Implementation Plan for
Massachusetts under the Clean Air Act. The parties agree to take
all steps appropriate to their respective offices, using their
respective authorities and means to the full extent necessary, zo
attain such Lncorporaton.
A. Interstate 93 ("1-93") North of :he Sournern Bank
of the Charles River.
Southbound Direction. Prior to commencement of
reconstruction of the Central Artery, from the area of the
1-93 Charles River bridge, the existing southbound HOV lane
shall be extended toward Route 128 to the northernmost point
appropriate to maximize use of the lane, using appropriate
lane demarcation mechanisms. This shall not be accomplished
by the addition of a new lane or lanes to 1-93. The
Commonwealth will incorporate into the permanent design of
the Charles River crossing an HOV lane extenaina ;own the
exit ramp to Nashua Street, 4ith a head of -ueue enrorcement
point at the ramp's intersection with Nasnua Street, Zub3ect
to the review and approval of the FHWA. -OTC anc :.DPW snail
further study and implement additional HOV priority
measures, as appropriate, such as metering systems or HOV
lanes on ramps, for southbound traffic from the Charles
River crossing to Route 128.
Northbound Direction. EOTC and MDPW shall implement
appropriate HOV measures if and when such measures are
triggered by traffic conditions in the manner described
below. In the case of this highway segment, the parties
expect a left-hand HOV lane, from the Charles River crossing
to the northernmost point toward Route 128 appropriate to
maximize use of the lane, to be an appropriate measure.
Creation of such a lane shall not be accomplished by the
addition of a new lane or lanes to £-93.
B. Southeast Expressway. EOTC and MDPW shall
establish an HOV lane or lanes for north- and southbound
traffic, from the Interstate 90/Interstate 93 interchange to
at least a point immediately north of the Route 128-Route 3
V-326
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interchange, and extending beyond to the southernmost point
appropriate to maximize use of the lane or lanes, prior to
May 31, 1993. EOTC shall establish such a lane or lanes
sooner if triggered by traffic conditions in the manner
described below. The best engineering mechanism to provide
faster, more reliable, safe HOV flow shall be determined
through a study which EOTC shall complete and provide to the
other parties no later than June 30, 1991. The study shall
examine relevant engineering, safety and environmental
considerations. If an HOV lane or lanes is accomplished by
the addition of a new lane or lanes to I-93 or Route 3, any
such HOV lane shall remain as a permanent HOV lane and shall
at no point be converted to use for general traffic.
C. :-assacnusetts Turnpike. The Secretary snail take
all steps necessary to enhance and expand the Massacnusetts
Turnpike Authori.y programs supporting HOVs and to ensure
the implementation of the following measures by the
Massachusettz Turnpike Authority: a program of special HOV
toll booths and full head-of-queue privileges, and wherever
practical, specially demarcated lanes leading to those toll
booths, at all appropriate turnpike interchanges: and the
provision of electronic identification systems. In
addition, the Secretary shall complete and provide to the
other parties no later than June 30, 1992, a study,
undertaken w'ith participation of the Authority, -o establish
the best mechanism to improve the quality and rcaiability or
HOV flow on the -urnpike between Route 128 and Eoston. This
study snall examine the feasibility of full-scale HOV lanes
and other facil.:.es and mechanisms on zne Turnpi-ke .trouon
Newton and Scszon. Once the appropriate engineerlnc
solution has been established, it shall be triggered in the
manner described below. Creation of HOV lanes shall not be
accomplished by the addt;:ion of a new rar. or . n . the
Turnpike.
D. Trigger Mechanisms. Preceding paragraphs of this
section call for HOV measures to be undertaken in the
northbound direction on Interstate 93 north of Bos'cn. and
additional HOV measures to be undertaken on the
Massachusetts Turnpike, when triggered by traffic
conditions. Those measures shall be undertaken for the
construction and post-construction period after "triggers"
calculated by the parties in the following manner have been
reached. Each trxgger shall consist of the difference. in
minutes, between a pre-construction trip time and a
construction period trip time. The specific pre-
construction ("baseline") trip times and thresholds
("triggers") for implementing HOV measures, both during and
after construction, shall be agreed to in writing by the
V.327
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parties no later than Aoril 30, 1991. Tr-gers snall
represent a perceptible deterioration from baseline
conditions. The collection of data necessary to the
determination of baseline trip times shall be undertaken oy
December 31, 1991.
E. Perfcrmance Standards. Performance standards
shall be set for HOV trips along the entire length of each
corridor referred to in this paragraph, and for trips
between all important origins and destinations along eac,
corridor. Specific performance standards shall be agreed to
in writing by the parties no later than April 30, 1991. The
performance standards shall be set to provide both a travel-
time advantage cf a sufficient amount and an extremely high
level of reliabi'ity to HOVs. For example. an appropriate
goal for the standards may te to maintain all HOV trip times
at no more than 30 percent :f non-HOV average trip time or,
where adecuate HOV flow now exists, at no more than 105% of
current HOV averace zrp t:-me. Standards shall be set, In
minutes, for ýri•s along the following corridors wherever
HOV lanes or other facilities or mechanisms have been
established: (1) Interstate 95-Interstate 93 interchange
north of Boston and the Charles River crossing (during the
construction period) and Logan Airport entrance (during the
post-constructisn period), by way of Interstate 93 and-the
Callahan and Sumner Tunnels: (2) Interstate 95-!nterstate 90
interchance .and Sout Statizn (during the construction
period) an. Locan- Air -zrt *.t-rance (durinq the post-
consct-uc-U n .er'od), ov of Intersta~e 90; and (3)
e vmouth oz Souz.- Sta:i-n .:uring the construction oeri•d)
and Logan Airpor'C entrance tdur.n he post-constructlon
pericd), zv way f the Southeast Expressway and Interstate
90.
.Continuouz Attain.ment of Perfor-mance Standard=.
Perzor-mance of -OV facilities shall be monitored on a
continuous basis to deter-mine whether additional measures or
changes in HOV operations are warranted. All appropriate
measures, such as metering cr changes in the HOV eligibility
standard, shall be used on a continual basis to the full
extent necessary to maintain compliance with performance
standards. Even when 'ehicles with two occupants do not
qualify for HOV eligibility, taxis with single passengers
may qualify for HOV .ligibility. Trip times will be
measured as described on page 5 of the construct:on
Mitigation Appendix to the FSEIR for the project or as
subsequently agreed to in writing by the parties.
G. Protmction and Entorcement for HOV System. An
accress'.e. e HOV Orcmonzcn Orogram shall be carried out .y
V-328
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EOTC according to a plan to be compieted and providedZ t tne
other parties by EOTC prior to commencement of
reconstruction of the Central Artery. EOTC shall make every
effort to reach a consensus with the other parties as to the
adequacy of the plan within ninety days from the date when
the plan is submitted to the other parties. The plan will
be based on a comprehensive review by EOTC, to be summarized
in a written report to the other parties no later than April
30, 1991, of techniques used to manage or promote HOV use in
other locations throughout the United States and Canada.
Effective enforcement of the HOV system shall be provided by
EOTC according to a plan to be completed and provided to the
other parties by EOTC no later than the date when highway
construction work begins foi the Artery/Tunnel Pro3ect.
EOTC shall make every effort: zo reach a consensus with the
other parties as to the adequacy -f "e enoR t -lan
prior to December 21, 1991. EOTC shall also -n.° :nt -. 9
studies targeted at the various needs of Logan Airport
passengers, patrons, and employees are conducted.
H. EOTC and MDPW shall use best efforts to ensure
that HOV facilities, including special bus and/or taxi
lanes, are incorporated into the design, construction and
reconstruction of City of Boston streets. The parties agree
to consult on the progress of the development of City street
designs and shall encourage the adoption of HOV lane designs
wherever feasible and appropriate.
9. Mitiqaton Oversiqht. The parties aaree to meez no
less frequently than once In each calendar quarter, from :ne date
of this agreement onward, to review the implementation or the
commitments in this agreement and of other mitigation co.m-itments
for the Artery/Tunnel Project pertaining to traf,0 .
quality. The parties expect zhat mor- fren•,.- ..- e'
often be necessary for the partis .o c;eiL'•r, reiiew stuaeis .2,,e
plans, and enter into subsequent. agreements as provided in this
agreement. EOTC and MDPW agree that when CLF considers
additional monitoring or technical data to be necessary to carry
out this agreement, EOTC and MDPW shall arrange to obtain such
data in a timely and impartial manner. Such data shall be
obtained through the services of an independent person or entity
with relevant expertise, at the expense of EOTC and/or MDPW,
where a reasonable difference of opinion exists regarding the
nature or extent of the data to be obtained, the manner of data
Collection, or other such matters.
10. Future Support. In recognition of the importance of
the Commonwealth's long-term commitments in this agreement to the
attainment of transpnrtation and air quality improvements, and on
the condition that the commitments in this agreement are
V-329
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incorporated into the certificate of the Secretary of
Environmental Affairs on the FSEIR and into the record of
decision issued by FHWA, CLF agrees not to commence, maintain or
participate in any action or legal proceeding challenging the
adequacy of the environmental documentation for the Artery/Tunnel
Project, including the Central Artery North Area Project. CLF
specifically reserves the right to take any action necessary to
enforce this Memorandum of Understanding. CLF agrees to support
actively and in good faith the Artery/Tunnel Project and the
implementation of the improvements and other measures undertaken
pursuant to this agreement or pursuant to other mitigation
commitments in the documents referred to in section 3 above,
while reserving the right to recommend further improvements that
can be made without delaying the proiect. CLF specifically
agrees to pursue Intervention, subject to the approval of its
Board of Directors, on behalf of the Commonwealth upon request In
a law suit or Law suits brought against the Commonwealth in whicn
a third party (other than a state or federal regulatory agency)
challenges the adequacy of the environmental documentation for
the Artery/Tunnel Project, for the purpose of assertina the
public interest in the transportation and air quality
improvements resulting from the Artery/Tunnel Pro]ect and the
mitigation measures undertaken in connection with the project.
CLF agrees to take all steps consistent with this agreement and
to use its resources vigorously in carrying out :ne ccmmitments
V-330
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made in this paragrapn.
( .
Frederick P. Salvucci
Secretary of Transportation
and Construction
Doua as 1. Foy
Executive Director,
Conservation Law Foundation
Commonwealth or Massacinusetts
Suffolk County
Sworn to ana sucocr:uea beore -me .:n t.i .?t v:v.
December, 1990.
Carey B. Zi merman. Notary Publif-
My commission expires January 10, 1997.
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Appendix A
Project Year of Comoletion
Commuter Rail
Old Colony Line Extension 1995
Ipswich Line Extension to Newburyport 1993
Framingham Line Extension to Worcester 1995
Lynn Central Square Station
and Parking Garage i991
North Station High Platforms
New Tracks '1991
South Station Track 12 1993
Rapid Transit
South Station Access to Red Line 1991
Blue Line Connection from Bowdoin Staticn
to Red Line at Charles Station _010
Blue Line Platform Lengthening
and Modernization 1997
Green Line Extension to Ball Square/
Tufts University 2010
Green Line Arborway Restoration 1996
Bus
South Station us Terminal ,993
Lynn Transit "tat.on Bus Terminal -991
South Boston Piers Electric Bus Service 2000
Park .& Ride
Addition of 10,000 spaces systemwide,
outside of Boston 1995
Addition of a further 10,000 spaces
systemwide, outside of Boston 1998
V-332
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APPENDIX P
Requirements Placed on Ozone, CO, or PMlo Non-attainment Areas By the Clean Air Act
Amendments
Source: Document No. 23, p. T-I to T-4, tables II to VII.
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Table II
OZONE NONATTAINMENT AREAS:
REQUIREMENTS FOR DEFINING OZONE EMISSIONS PROBLEM
Note: Requirements are cumulative. For example, Moderate areas must also fulfill Marginal area requirements.
- T-1 -
528
Table III
OZONE NONA TUI VMENTAREAS:
REQUIREMENTS FOR REDUCING OZONE EMISSIONS
Enisdin= SIP Commibnen -Implemet =urrnet SIP commitmennts; corwet SIP deficencie.
B~iaieMpedon paiaaer a G-Thebicj IM poigram ashouldberevised to
met the.p %wbhd is mr stringmt, if such a
71 .CMA.
Note: Requirements are cumulative. For example. Moderate areas must also fulfill Marginal area requirements.
-T-2 -
529
Table V
CO NONATTAINMENTAREAS:
REQUIREMENTS FOR DEFINING CO EMISSIONS PROBLEM
Atn nt Dem rti -By November 15, 1 , dP rat that attainment will be reached by the
Deember 31, 2000 deadline. Also, provide provisins in the SIP for annual emissionm reducions necesary for
reaching attainment
CO NON1TAI·iIENT AREAS:
REQUIREMENTS FOR REDUCING CO EMISSIONS
for impementation to afet i gowth in emiewns fo m growth in V cor number o( tip
Note: RWquirements are cumulative. For example, Moderate (> 12.7 ppm) areas must also meet requirements for
Modxierate (< 12.7 ppm) areas.
-T.-3 -
530
Table VII
nD a A/rlArla tlralAda a ner (
Note: Requirements are cumulative. Serious areas must also fulfill Moderate area requirements.
-T-4 -
--
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APPENDIX Q
Listing of Areas in Non-Attainment of
National Ambient Air Quality Standards for ozone, CO, or PM1o.
Source: Document No. 24, p. 88 to 92.
532
51
u
-<1
H n
u'
I
-=
J ~
-· z
U -3
533
~
x
u
~
.J
- ;-- 1~
u Z
n>
n U
MYZEfZ
= r
~ uY
LLL
~
Z
.r
-j,
~
-·I-,
c
Y
~ r
,tP
U
5x
<2
~·c
u
u
"
~
nC L
X
c
aY
c.
1h u
u
r O
-L
5
L
C,
C
3: C
OG
C
C,
v
C)
Z
~=C
1 -
r,
~ .- ' <
rt
V
1?' V
--- u u
_ __
-·-
~
1,
~
c
c.
J
c
i, ,
cJ
cr
- -
u
c:
;cSv.
7
u c,
-r,
C ~C
U r
=
~A =rl Ir
u
1
u
ct
cg C;
c E;
? C.
-r
c
U ~
Ir-
-r
·r
c
r,
i
u
u cr
c.
u
j
t
· r c:
·C: t
~
(f
~O ~
LL'
; '2
"
CIV.
i;
L c
c
-·r
·- ·
"-
534
.4 -' - U
-U
-x U -
-r -,
t "
·- U
UNcS
u -
- E2u C
- UY1
C3-
C
csC U
2z
q L
•-!:
C
-3
.4 -
C
.4
`
-C
'L
wu r,
rl
Y u e
TT~A
Z
~
r~ =
c- ?
u
-r
r,
ti ·3
=r) r
C
u r,
L
U )
r5
n-
U
n ·-
V 1
·-
.4UU
Nc
nU
-z
3
C
C
C-
3
.4
v
c
i
t
r,
r
co
c:
1.
~
~
-- % ---
535
ISTEA Planner's Workbook
Medford. OR
Springfield/Eugene. OR
Kent. WA
Olympla/Tumwater/Lacey. WA
SScattle. WA
Spokane. WA
Tacoma. WA
Wallula. WA
Yakima. WA
MODERATE AREAS.Attainment 12131/99
Whitctish. MiT
Mv1ono Lake. CA
Lakeview. OR
MODERATE AREAS.Attainment 12/131/2000
New York Cuntyv iManhattani. NY
Weinrton. WVV
Bullheau Cltyv..\Z
Sacramento Cuuntv. CA
Shoshone County, ID
SERIOUS AREAS-Attainment 12/31/2001
Coachella Valley. CA\
San Joaquin Valley. CA
Las Vegas. .V
Steamnorat Springs. CO
Thompson Falls. NIMT
lPavon. AL
San Benammno County, CA
Oakndge. OR
Owens Valley. CA
South Coast Basin. CA
92 1 Surface Transportation Policy Project
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APPENDIX R
Various Tables and Figures Referred to in the Boston Case Study which is included in
Appendix A of this thesis.
Sources listed on figures and tables which follow.
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'Osuton No. 1. p. 6-7.
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Figure 3.7-4: Amtrak Passer~er Rail Lines
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Figure 3.7-5: Class i Railroads' Freight Raii Lines'
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Figu.r 3.7-6: Easte,, Ma.ssachusens .irDorts"'
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Figure 3.7-9: Status Repon of the i982 SIP TC.Ms 6'
Transportation Control Measures Carried 1993 Status in 1995
Forward from the 1979 SIP into the 1982 SIP Transp.
Plan
MBTA Plant Improvements
- Green Line improvements X implemented and
ongoing
- station modernization (Park, State, completed - other stations
Washington now being modernized
(Blue Line)
- miscellaneous piant improvements implemented and
ongoing
NIBTA Vehicie Fleet Improvements X impiemented and
ongoing
Commuter Raii improvement Program KX i mpiementea and
ongoing
MBTA Park n Ride Program
- Alewvife X compiete - further
expansion planned
- Quincy Adams X complete - further
expansion planned
- Braintree X complete - further
expansion olanned
Reauction and Relocation or bus stops IiX implemented and
ongoing
Urban Systems (TOPICS-.,Cpe Program \ 4imPlementea and
_ ongoing
Off-Street 'Parking Freeze - ity or Boston Impiemented and
ongoing
Off-Street Parking Freeze - Citv or Cambndige implemented and
I ongoing
Off-Street Parking Freeze - Logan Airport implemented and
ongoing
Pubiic Iniormation/ Promotion
- bus stop sign repiacement implemented and
ongoing
- Information kiosks implemented and
ongoing
;Boston No. 4. p. A-2.8 to A:-2-2. a 0le A-X3.
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i Commuter Boat Service Demonstration X reguiar contract serviceS(Hi-ngham to Boston) ongoing
Downtown Crossing Pedestrian Zone impiemented and
ongoing
Boston resident Parking Sticker Program implemented and
ongoing
Cambridge Resident Parking Sticker implemented and
Program ongoing
MDC On-Street Parking Ban implemented and
_ _ongoing
MBTA Pass Program implemented and
ongoin
Massoooi. Inc. (CAR.AVAN) x ongoming
Extension oi 1-93 HOV Lane to Chariestow,~ x compiete
MBTA Suburoan Bus Program X impiemented and
ongoing
State/ Local Financing Net Cost or T-Service ongoing
- review of fare changes shall involve the
pubiic and consider environmental impacts
Bicycie Racks at transit stations ongoing
MDPW (MHD) Bikewav ProgTam I ongoing
Variable Work Hours Program ongoing
MBTA Idling Reduction Program implemented and
ongoing
Riint- Furn on Red .-..pl .•C`.1ý -nd
Charlestown Bus Garage I comoleted 1979
i Bus immersion Heater Prozram I discontinued
Imoproved Service Delivery
- ononty signals X implemented and
X ongoing
- automated fare collecnon X implemented and
X ongoing
- scheduling and routing modifications implemented and
ongoing
- passenge: shelters implemented and
ongoing
Imoroved Service Evaluat:on ongoing
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Fiur 3.7-11: Capita R C rs i iarpiSad , Aid Quaity impacrs oi SIP and CAt
Mfitinaion Proiects Yet to be =nleznented"
2020 Totai
Capital Weekday
himZ CA/T' : Ride.hi
7 Reduction
in Regional
Emiggiong
: Old Colony CR Restoration
Newburyport CR Extansion
Worcester CR Extension
Blue Line - Red Line Connector
Blue Line Station Modernizatio
Green Line Extension to Tufts
Green Line Arborway Restoratez:
New Or.ane Line Vehicles
_outh Boston Piers Transitwar
V ashnl-.ton Street ReptaRemen: Sernce
400 New Buses
10,000 Add'1 Parking Spaces by .L2'3 L96
:0,000 Addl Parking Spaces by 12CI'3 L9
2 Comrm.utr Boat FaciLties
Toti
$560.0m
$41.Om
$119.Om
3137.5m
$361.9m
$88.0m
S56.6m
5131.0m
S355.Sz
S40.Dm
S88.0m
$0. om 2
S107.Om
$2.085.9m
"'*cson No. S. P. 2.5. ublc
23,200
1,600
6,700
19,200
NA
11,600
36,000
*NA
35,100
10,200
NA
A4 600
148,200
0.37%
0.04%
0.10%
0.05%
NA
0.06%
<0.01%
NA
0.05%
<0.01%
NA
-0.68%
--
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Study Project
Deveiopment oi issues to be addressed in
the Program for Mass Transportation
Toil Pricing feasibility to Logan Airport
Feasibility of toll booth on Route iA
I Feasibility of water shuttle between Boston
and North Shore
Transit improvements study - PMT
Feasibility of rail connection between South
Station and Logan Airport
Expansion of size and number or Logan
Express service parking and transit facilities
Expanamg rugh occupancy venicie ianes ana
se.,vices within Logan~AirPort
Connecting circumiferennal transit racilities
anid radial transit services
Upgrade rail service to NY; Worcest-
Sprmgfield. •.A.; Hartford, CT.; and
Portland, ME.
Examine indexing or transit tares
Feasibiitv or HOV Lanes on i-()O benveen i-
93 ana !-95
1993 Status in 1995
Transp.
X
X
IX
X
X
x
X
PMT adopted 1994 iI
in progress
completed June, 1994
completed 1991
PMT adopted 1994
final report issued July,
1994
completed June. 1994
completea June. 1994
interim cross-town
service started Seotembr,er,
a- I . gress
addressed in the Fiscal
Year 1996 Annual Fare
Report -completed MIarch
!995
comietaea !9U4
I
. I I
-- ~~""'^""; ..~.~~'~~'"'~~T~--~"~··IIW~~IY .i~3········llCI·.···-~·-----L
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STATUS REPORT OF THE TCMs IN THE
STATE IMPLEMENTATION PLAN AMENDMENTS
Construction Project 1993 Status in 1995
Transp.
Plan
Southn Station Bus Terminai X Phase i completed, Phase
II under way with
completion in 1995
South Station Tracki 12 X scheduled for completion
in 1995
Ipswich Commuter Rail extension to X Final design subnurtted,
Newburyport construction contract
expected to be advertised
in Auzust. 1995
.)ld Colonv Comrn•uter Rail Extension i X i under construction
Framingham Commuter Raii Extension to X intenm service started in
Worcester I. September. 1994
? 0,000 new park and nare and commuter raui X ongoing, 10.000
:tation parking spaces completed by 1996.
__remaining by 1999
i3lue Line Plattorm iengtnenmg and Five stations re-opened in
:modernization June 1995. Design work
continues on downtown
stations with designs
complete in 1996/1997
, with construction
__comoiete by 2000.
Green Line Arborayv Restoranon Studies inconclusive,
further study reauired
Si ou=n Boston Piers Electnrc Bus Service X scheduled comleon2000
Green Line Extension to Medifora Hillside X schecuied completion
(Tuits) 2010
Blue Line Connection trom Bowoom X scheduied comcietion
Station to Red Line at Charles Station 2010
1-93 Southbound HOV Lane to Mystic X compieted
Avenue
1-93 HOV Lane trom vstic A.-venue to tunher study reauuied
Route 128 1
1-93 (SE Expressway; HOV Lane !rom 1-90 to X Schedulc opening,
Route 3 November. !995
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Transportation Controi Measures Adopted 1993 Status in 1995
Between 1979 and 1982 Transp.
Plan
Improved Public Transit
-Newton Rider Bus Service Commuter rail service.
express bus and local bus
routes were modified or
improved; these changes
rendered this TCMN
unnecessary.
- Insurance Discounts for Private Bus discounts for MBTA pass
Riders holders
Area-Wide Ridesharmin Programs I X ongoing
On-Street Parking Controls
- Resident Parking Sticker Programs ongoing
- Boston Tow, and Hold Program
- Cambridge Zoning Ordinance Change
Pedestrian Malls - Auto Restnction Zones impiemented and
I, ongoing
Employer-Based Ridesnarmg Programs
- Airport Rideshanne Program ongoing
Road Pricing to Discourage Singie-Occupant
Vehicles ongoing
- Mass Pike, Callahan/Sumner Carpool
Incentive Program
Interstate 93 Southboura HiOV Lane ' Impiemented, ongoing
and pianned to be
extended
Trarfic Flow Improvements - Urban Systemrs X I ongoing
Projects
Fringe Parking/Park and Ride Lots X L ing
.
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Figure 3.7-12: SIP and CA/T Mitigation Service Expansion Projects (without
substitutions) (All figures in 1993 dollars)"
IIII I I r I I II ... II- 1 1 I IL [ I II
CA/r
SIE XWBitan
Short*Term
Old Colony Commuter Rail Restoration
Plymouth and Middleborough Lines (underway)
Greenbush Line
Worcester Commuter Rail Extension
South Boston Piers Transitway
Washington Street Replacement Service
400 Buses
10,000 Additional Parking Spaces by 1231196
10,000 Additional Parking Spaces by 12/31/99
N'ewburyport Commuter Rail Extens2on
2 Commuter Boat Facailities
Subtotal Short-Term
Long.Term
Green Line Extension to M•edford Hillside
Blue Line - Red Line Connector
Arborway RestoratiorvReplacement
Subtotal Long-Term
Total: Short-Term + Long-Term
Capital
!2=s
· $480.0m
, $80.0m
$119.0m
4 $355.9m
" $40.0m
.i4 $88.0m
•i $30.0m
• $S107.0m
S42.8m
v TBD
S1,312.7m+
•1 $88.0m
4 s$137.5m
$282.1m
$1,594.8m-
"Btoston No 8. p. 5-7. table 5.2.
- - --
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Table 3.7-3: SIP and CA/T Mitigation Service Expansion Projects (without subsutuuons.
all fiures in 1993 dollarsn
Short.Term
Old Colony Commuter Rail Restoranon
Plymouth and Middleborough Lines tuncerway)
Greenbush Line
,orcester Commuter R.al Extension
South BostornPiers Transitway
Washington Street Replacement Service
400 Buses
10,000 Additional Parking Spaces by 123L' Z
10,000 Additional Parking Spaces by 12/31L%'9
Newburyport Commuter Rail Extension
2 Commuter Boat Facilities
Subtotal Short-Term
Lon g-Teorm
Grcen Line Extension to MIedfora HIillside
Blue Line - Red Line Connector
.irborway RestorauornRepiacemen t
Subtotal Long-Term
Total: Short-Term + Long-Term
CA/Tr
SIE Mitiiatian
Capital
oqs
5480.0m
$80.0m
S119.0m
S355.9m
"/ $40.0m
S SO.Om'
"/ S107.0m
"i $42.8m
S1,312.7m+
: $88.0m
S 137.rm
2892.1 m
$1. 94 S m -
:Boston No. 9. p. F-9.
:.Boston No. 8. p. 5.-7 tablc 5."S
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Table 3.7-4: Summary of Capital Costs of Recommended Program (all figures in 1993
dollars)2•
System Maintenance
ADA-Related Capital Costs
SIP and CA/I Mitigation
Additional Expansion
TOTAL
$1,700m
$266m
$1,311m
S254m
$3,531=m
Lgnr.:Terin(2001-202M)
Tatal Cost
$6,000m
$322m
$282m
1,6084m
$1~2,608m
Table 3.7-5: ADA-Related Caotal Costs (all figures in 1993 dollars) 7
Total FY 1993- Beyond
GEst FY1997 FY 1997
Key Station Plan $242.9m $42.5m $200.4m
Other Red Line Access $3.6m $3.6m $O.Om
Other Orange Line Access $11.8m $9.7m $2.1m
Commuter Rail Accessibility $2.7m $2.7m $O.0m
Green Line Vehicles $319.5m $105.8m $213.7m
RIDE Vehicles S1.8m $0.8m S1 .0m
Mise !56m .SQ4m ;5_2m
Total $587.9m $165.5m $422.4m
.Vote: Blue Line accessibility costs are included in the Blue Line Modernization project. and
all bus accessibility costs are included in the purchase of new buses.
"' Boston No. 8. p. 5-9. table 5-4.
i7 Boston No. 8. p. 5-4. table 5-1.
Short-Term(1994-2000)
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Table 3.7-6: Additional Expansion Projects (all figures in 1993 dollars)"
Capital
Short.Term
Commuter Rail Express Service
Rockport/Ipswich Line $18.6m
Haverhill/Reading Line $39.1m
Lowell Line $17.1m
Franklin Line $45.8m
Attleboro/Stoughton Line $20.8m
Inner Circumferential Bus Service $2.3m
Expansion of,Existing Park & Ride Lots
(beyond SIP & CAfr requirements) $60.4m
New Park and Ride Lots on Express Bus Routes $2.6m
Intercept Stations along Major Highways $30. Im
New/ Improved Express Bus Services (Newton, Waltham.
Burlington, Lynnfield) $11.Om
Better Downtown Boston Bus Distnrbutuon 16. 1m
Total Short-Term $253.9m
Long*Term Tier i
Expansion of Existing Park & Ride Lots
(beyond SIP & CA/T requirements) $51. 2m
Intercept Stations along Major Highrways I30. Im
Rockport/Ipswich Commuter RaiLVf.e i.ne Conrec""un"
Inner Circumferential Transit Line $1,400.0m
South Boston Piers: South Station to Boylston $180.0m
North Station - South Station Rail Link $3,633.0m
Needhamn Commuter Rail Improvements/New Stauons TBD
Green Line Improvements TRD
Subtotal Long-Term Tier I $5,303.6m
Long-Term Tier 2
Blue Line Extension to L)nn $275.0m
Red Line to Mattapan $54.8m
New Bedford/Fall River Commuter Rail Service $288.0m
Commuter Rail to Millis S66.7mn
Fairmount Commuter Rail/Red Line Connection S8.2m
New Connections to Logan Airport TBD
Route 128 Bus Service $79m
Subtotal Long-Term Tier 2 $700.6mr
Total Long-Term + Short-Term $6,258. nm+
:' Boston No. 8. p. 5-8. table 5-3.
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Figure 3.7-16: Travei Behavior Under Ae.r.ate
Base Case"=
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- Translt Empihasis
3 Multim-.odal
* MAPC Base Case
E MAPC Intervennon
SMAPC Forced
6.00% -
4.007;
2.00% -
.).c,0
Trans5t Auto
CerSon Per',con
Trips Trips
Scenanro I Tra'sit T:izs i Change I Auto Trips % Change
1990 Exisnn 650.4381 N/Al 8.298.7381 N/AI
2020 Base Case i 721.54i N/Al 9.207.4351 N/Al
Highway Emrnasts I 716.6051 -0.41%! 9.253.8571 0.50'•1I
Transit Emphasis '92.0551 9.77 9,155.1231 0.57 I
Multimodal 761.9601 5.60%. 9.205.7781 -0.02 I1
MAPC Base Case 771.9281 6.98%l 9.169.6431 -0.41%1
MAPC Intcrvennon 833.6351 15.53%T 9333.1521 1.37%l
MAPC Forced S 47'991 17.44% 9.142.7541 -0.70%l
"Boston No. I. p. 7.7. figurc '7
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' Boston No. 2. p. -.5. riSgure 8-1.
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APPENDIX S
FY 94 RTIP and 1995 San Francisco Bay Area
Transportation Improvement Program (TIP)
Surface Transportation Program (STP)
and
Congestion Mitigation / Air Quality (CMAQ)
Scoring Criteria
Source: San Francisco No. 6, attachment C..
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Date: February 24, 1993
H.I.: 903-40-01
W.A.: 1242r
Referred By: WPC
Revised: 04/28/93-C
Attachment C
MTC Resolution 2526
FY 1994 RTIP AND 1995 SAN FRANCISCO BAY AREA
TRANSPORTATION IMPROVEMENT PROGRAM (TIP)
SURFACE TRANSPORTATION PROGRAM
and
CONGESTION MITIGATION AND AIR QUALITY
(STP and CMAQ)
SCORING CRITERIA
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Scoring Criteria
The Scoring Criteria are described in the following table. The Scoring Criteria were originally
formulated, and were revised, with the following objectives.
o Projects on or with significant benefits to the MTS are given priority throughout the point
system.
o Projects that meet a documented need or solve an identified problem are rewarded.
Specifically, projects that are the outcome of Management Systems mandated by ISTEA are
encouraged, and projects that meet the greatest need or solve the biggest problems are
rewarded through the point system.
o Cost-effective projects, particularly those that fit optimal replacement cycles or demonstrably
improve the efficiency and effectiveness of the MTS, are rewarded.
o Projects that improve multiple modes are encouraged through the point system.
o Projects are based on adopted plans and programs.
o The Criteria are applicable to all modes and enable the direct comparison of projects of
different modes with equivalent measurements wherever possible.
o The 15 factors established by ISTEA are all considered within the Screening, Scoring and
Programming Criteria as recirer ~:, law.
o The program which is established using these criteria based on an evaluation of technical
merit must also be in conformance with the Federal Clean Air Act. This conformity evaluation
includes documentation of the expeditious implementation of TCMs.
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Scoring Criteria by Cat gory
30
30
20
10
30
30
30
30
20
15
5
MaintainiSustain the Metropolitan Transportatlon System (MTS)
The toi•e•win scores are for the STP-CMAQ project evaluations.
A project can score on one line item only in this category. The two exceptions to this are for seismic
retrofi: as part of a larger project, and for prevention of unacceptable breakdowns in the MTS.
Rehabilitation and replacements based on Management Systems
Pavemen' Management System - Normal pavement rehabilitation cycles are to be determined using the
MTC PMS rating system (for an existing facility on the MTS). If a PMS other than MTC's rating system
was used. or if another management system was used, a comparable interpretation is acceptable.
Optimal Rehabilitation -Poor to very poor, PMS rating 50 to 25
Rehabilitation is the entire project.
If Rehabilitation is a portion of the project, the Rehabilitation portion of total project costs is
multiplied by "entire project" score. (For example, if Rehabilitation is 50% of a project, on a cost
basis. a project would score 15 points here).
Replacement of Failed Road -Very poor to failed, PMS rating < 25
Rehabilitation is ihe entire project.
If Rehabilitation is a portion of the project, the Rehabilitation portion of total project costs is
multiplied by "entire project" score.
Rehabilita:ion of Road that prolongs Good Condition - Good to poor, PMS rating 70 to 50
Rehabilitation is the entire project.
If Rehabilitation is a portion of the project, the Rehabilitation portion of total project costs is
mu!,::ied by "entie orciect" score.
Public Tra:sit Mana-.ement Svstem - Normal replacement cycles are determined by FTA Circular
9030.1A and the MTC Bay Area Transit Finance Plan as justified in the operator's Short Range Transit
Plan (S'.T?). Normal replacement cycles are listed in Guidance Section A.
Normal ReIlacememn or Rehabil;tation - Capital asset is at the end of its useful life in the program year.
Re:.!a:ement is :he entire project.
Rel•e--,h':n.!ion iS the en:tire project.and useful life is extended at least 40%
Urgent Replacement or Rehabilitation - Capital asset is beyond its useful life in the program year.(Urgen !cy defined as an asset that is 20% older than the normal replacement cycle in Section A).
Rep!acement is the entire project.
R..e.t.:iation is the entire project, and useful life is extended over 50%10.
Po'1tln,.r--rr1l Reh;bilitaron - Normal roadway projects are scored accordning to the PMS scale
above. Rail or intermodal facilities are scored according to the transit scale above, using the FTA
reDlacemen: cycles for like assets.
Rehabilitation and replacements NOT based on Management Systems
iOad';'.,' Ss',rv-i "I ;rsntrucnre proieoieS - For support infrastructure such as drainage, retaining walls.
or obso:e:e signal c.n:rollers. the pro;ect receives the following points (using the standards in Caltrans
Highway CDe.sian Manual):
Optimal Rer:abilitai:n • Poor to very poor condition
Reha .:!it,•on is :.he entire project
If R.a., :ta.tion is a port::m of the prolect, the Rehabilitation portion of total project costs is
mul;:p;:ed by "cr::re project" score.
Replacm.,er-: of Fa.ied Roac Section - Vpry poor to failed cond:ion
ReChat.:i:-J ion r s t.~e entire prolect
IIt Reha•t-i lation is a por,:an of the prolect. the Rehabilitation portion of total project costs is
mul:it:. ed by "e. !:!e project" score.
Rehabilma::n, of Road Compcnent -Good to poor condition
Reha:,ita:ion is:he entire project.
If Renat;.:ation :s a port:on of the project, the Rehabilitation portion of total project costs is
mu..::r:e. bV "C':e Drroie-" fcore
30- - -
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30 I Mnaintain'Sustain the Metrooolitan Transortation System (MTS) (Continued)
Pubhlc!v owned ..-estIrian a='ndo ".,ce= ;i=ili ies . For transportation uses as opposed to purely
recrea:ional trips.
20 Optimal Rehabilitation - Poor to very poor condition
Rehabilitation is the entire project.
If Rehabilitation is a portion of the p:oject, the Rehabilitation portion of total project costs is
multiplied by "entire project" score.
15 Replacement of Failed Element - Very poor to failed condition
Rehabilitation is the entire project.
If Rehabilitation is a portion of the project, the Rehabilitation portion of total project costs is
multiplied by "entire project" score.
5 Rehabilitation of Facility - Good to poor condition
Rehabilitation is the entire project.
If Rehabilitation is a portnion of the project, the Rehabilitation portion of total project costs is
multiolied by "entire proiect" score.
Normal transit replacements, like pavement rehabilitations, must be based on management systems
and the SRTP.
Seismic Retrofit
Caltrans has evaluated polential seismic retrofit projects, and has categorized the projects by risk and
need. Other acceptable sludies "ave been done for components other than bridges on the highway
system. !hus, other modes and fa!clties are not excluded. (Some transit facilities are on the Caltrans
list).
30 Entire project is seismic re:rofit. ard project is included in Tier 1 of Caltrans Seismic Retrofit list, or
projec! corrects an identifieJ hich risK.
20 Entire project is seismic re;rofit. a.o. project is in lower tiers of Caltrans Seismic Retrofit list, or project
corrects an identified lower risk.
10 Identified seismic retrofit need is .cludeed as Dart of a laroer oroject.
Prevention of unacceptable breakdowns in the MTS
This Is zn emergencyv safetv-valve cr;.erion.
10 Proiect is for rehab:!;tation cr rec!:•erment necessary to prevent unacceptable breakdowns in the MTS.
30 Improve the Efficiency and Effectiveness of the MTS
This sconng catecory has several carts. While the maximum score for the category is 30 points (for
STP-.Cl.,AO and FCR). a project can score in each of the parts of the category. A project can score on
only one line item in the first part. -Safev and Security." A project usually scores on only one line item
in the second category, "Conges;.:n Relief." but a project with demonstrated congestion relief or service
improverncnt benelits to other m:-:es. can receive points for the affected modes.
Safety and Security - The first p-. o the Improve Efficiency and Effectiveness of the MTS category is
Safety and Securnty A project earns a multiplier - based on the magnitude of the problem - which is
then multilied by the impac: score - based on the degree to which a project can solve . nroblem.
Saf'e\y an. S3.£ro"',v Pulti',r The exs,;!ng safety or security problem is defined across -',: des. The1
multipl;cr indictes : sev c.,r:!, c: :.n safety or security problem. The score of a project in the Safety
and Securtry par, is the produc: c: :.ne • ultlier and the Impact points.
Roadv;a~. Safety Multiolier Multiplier
11 the accider.: rate is averacqe -r :ne facility type: 0.5
If the acciden: rate is 25% atcve average: 0.8
If the accicer,: rate is over 25_: nigner than ave: 0.9 or 1.0
If the accident rate is 25% be.:w average: 0.2
It the accident rate is more !!an 25% below ave: 0.1 or 0
For intersections, the mul::p!:er is :aseo on the 3-year total accidents.
The accident rates an3 mult.:..ers by facility type are:
N'iJ _9r of A_•_•r•',t
Tc._ in _C, _- ._ri d 02 MultDlier
More than 75 acci~en:s 1.0
50 to 75 accide...:s 0.8
40 t1 -49 acc:,oen:s 0.6
23 to 39 aZcci~~e:s 0 4
10 1o C1 acc:Ce:s 0.2
5 to 9 acclden I 0.1
a C Cv!l 0,0
. I I
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Irnmorove the Efficiency and Effectiveness of the MTS (Continued)
For highways and a"erials, accidents per million vehicle miles is the measure that will be used. If data
are not given in ACC. MVM, it can be calculated by the project sponsor as:
Number of accidents (ave for 90, 91 92) X 1.000.000
Ave Daily Traffic (VeWhDay/Yr) X 365 X length of project in miles
The accident rates and multipliers by facility type are:
Accident Rate
125% of > 125% of 75%of < 75% of
Facility Tvoe CA Avo CA Avao CA Avg, CA Avg. CA Avg.
Freeway 0.69 0.86 0.52
Expressway- 2 ,ane 0.89 1.11 0.68
Exprswy- Muflilane 1.00 1.25 0.75
Conventional-2 lane 1.69 2.11 1.27
Convntnl- Multilie 2.7 -2 3.40 2.04
Multiplier: 0.5 0.8 0.9 to 1 0.2 0.1 to 0
Note: Similar tables will be provided for injuries/fatalities. A project sponsor can use actual accident or
iniurv.•ala'".v data to determine the safety multiplier
Transit'lntermodal Safety Multialier The multiplier is based on the 3-year total of incidents that the
project will address These multipliers can be adjusted to reflect the severniy of the incidents.
Number pf Inc cents
Total for 90oc -~d 92 Multiolier
More than 24 incidents 1.0
20 to 24 inciden:s 0.8
15 to 19 incic-:s 0.6
10 to 14 incicer :s 0.4
5 to 9 Inciden:s 0.2
2 to 4 tnciden-s 0.1
0 to 1 ;nciden:s 0.0
Bicycle and Pedestrian Safety MIultJ.lier The multiplier is based on the 3-year total of incidents that
the project will adcress. These multiphiers can be adjusted to reflect the severity of the incidents.
Number of I-1 .1=nlS
Total ;fr 90.c* = nd 2 Multi'li.r
More than 10 :r.:zdents 1.0
8 to 10 incidr.:s 0.8
6 to 7 inciden:s 0.6
4 to 5 inciden:s 0.4
2 to 3 incidor:5 0.2
1 to 2 incidec.:5 0.1
0 inciden's 0 0
Safety nar Secu:". pmoact Values The existing safety or security problem is defined across modes.
The score of a prctect in the Safety and Security part is the product of the Multiplier and the Impact
points. The mul:.:;;.e indicales the severity of the safety or security prob.em, and the impact values
indicate the impac: the proposed project would have in solving the safety or security problem.
Roadway Proiec:s Salety ImDact Points
High SaeýIs lmrma-,
HOV enforcemen: a~eas.
Grade separatior-s
Conversion from expressway to freeway or median barrier, when crosso- er median accidents are theissue.
Geome:ric impro;v-.ments. shoulders, curve corrections.
New sinals that -eel (CCaltrans (state htohway) or HCM) warran:s.
1610 to
20
8 to
12
S30
MrvPium _"alv lr--:-3-.
Widen'ncs. auxi:;.-, lans left turn pockets
Signal irmerconne:"
intercha::e moc ' :•-aons.
Bike locke:rs or r':. S
1
16 
to
2O8 
to
2
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I imorove the Efficiency and Effectiveness of the MTS (Continued)
Low Safety Imoact
New interchanoes.
30
Lo .' -•. ,e',v Imoa."
Class 3 bikeway or Class 2 bike lane.
Sicnace.
Congestion Relief The second parl of the Improve Efficiency and Effectiveness of the MTS category is
Conrestion Reliel Congestion Relief is based on an assessment of the existing congestion problem
and the impact of the proposed project on reducing such problems. Existing congestion is evaluated
across modes by looking at the volume of traffic!number of people affected by the congestion. A project
earns ar multiplier -oased on the magnitude of the problem - which is then multiplied by the impact score
ml a o rerge towhich a" pm1, 1atcan solv a. pronnturi
prcrec; buta p~js-t'sconeston rlie scre I capedat 2 ponlh
N'ý ý.I ; utp ;e ;e exqing W IoWn11U A 1ZMY WUI V"PI1 uil pa em ýJ ap IV a modes U U zl. e )cUkaju VI a
project in the Congestion Relief part is the product of the Multiplier and the Impact points.Roadway Concistion Relief Multiplier The multiplier for roadway projects, or the severity of the
congestion problem, is the level of service (LOS) for the affected roadway segment. LOS is peak
avera-.2 and must be calculated according to the CMA adopted method (HCM` -1985, Circular 212,Cal:rans for freeway segments LOS).i~,-~: Avr~r~~I T) Midtinlior
LOS = F
LOS = E
LCS =
LOCS = C
LOS B
LOS = A
O to 4
16 to
20
8 to
12
0 to 4
16 to
8
Transitilntermodal Proiects Safety Impact Points
High Safety Imoact
Passenger or employee safety/security project, such as:
Lighting in high security area.
Handrails.
Rail Switches.
Medium Safety Imo-aci
Equipment or assets safety/security project, such as:
Lighting in low security area.
Bus turnouts/bulbs.
Maintenance yard fences.
Emergency communication systems.
Low Safety Imoact
Revenue collection security project.
Pedestrian and BIcycle Proiects Safety Impact Points
High Safety Impact
Significant Class 1 bike path or Class 2 bike lane.
Sidewalks with cut cuts where none exist.
Curb cuts
Resolves conflict between bikes or pedestrians and cars or trains, such as traffic signal actuations.
Grade seoaralicns.
Medium Safety Impa7ct
Minor Class 1 bike oath or Class 2 bike lane.
Sidevwalk improvement.
Signago.
0 o 4
- ----
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30
Faciýl"v loadinc . Multiplier
Above regiona! average 0.8
Regional average 0.5
Below regiona; .verage 0.1
PeR' Ave. Para'~ f R'c,.v av LOS Muttltlier
LCS - F 1 0
LCS = E 0.8
LOS = D 0.6
LOS = C 0.2
LOS = 8 0.1
LOS = A 0.0
Conae'•potn Relif '~~eact V':j¢as The existing congestion relief problem is defined across modes by the
multiplier values. T ne score o! a project in the Congestion Relief part is the product of the Multiplier and
the Impact points. The multipher indicates the severity of the safety or security problem, and the impact
values indicate the impact the proposed project would have in solving the congestion problem
Roadway Proiects Concestlon Relief imact Pgoints impact values are given in ranges. The
particular value a project receives within this range depends on the degree of congestion relief providedby the proposed des:gn,
High !on,•,•tin R•.'-- f - Project must be on or significantly benefit the MTS:
HOV lanes.
CMP Deficiency Plan Measure.
Ramp metering with HOV bypasses.
Signal interconniect with 8 or more signals
Gap closure ww!h system-wide benefit
interchange thm: upgrades to freeway standards (grade separation).
Trat!::. Operations System 'TOSM
II
16 to
20
--
Imorove the Efficiency and Effectiveness of the MTS (Continued)
Transitintermodal Congestion Relief Mutliplier The transit/intermodal multiplier, or severity of the
congestion problem, may be calculated using one of two standards, depending on the type of
congestion the proposed project is to address. For transit projects designed to relieve transit loading.
the multipliers relating to peak load factors would apply. For transit/intermodal projects designed to
relieve corridor congestion, the roadway LOS factors above, for the corresponding route, would apply.
Peak Load Fa'-or Multiolier
>1.25 1.0
1.00 0.8
0.75 0.5
0.50 0.2
0.25 0.1
<0.25 0.0
Peak Ave, Corespondino Roadcway LOS Multiplier
LOS = F 1.0
LOS = E 0.8
LOS = 0 0.6
LOS = C 0.2
LOS = B 0.1
LOS = A 0.0
Bicycle and Pedestrian Proiects Congestion Relief Multiplier The multiplier, or severity of the
congestion problem. may be calculated using one of two standards, depending on the type of
conges.:on the prcpesed project is to address. For bicycle and pedestrian projects designed to relieve
congestion on a par:cular facility (separate from road or transit congestion), the multipliers relating to
the faci!ity would t"•"', in terms of bikes'week. These are relative to other facilities in the region. For
bike and pedestrian projects designed to relieve corridor congestion, the roadway LOS factors. below,
for the corresponr:-; route. would apply
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Medium Congestion Relief Impact - Project must be on the MTS. significantly benefit the MTS, or
connect to the MTS:
Auxiliary lanes (on-ramp to off-ramp) -on or significantly benefit MTS.
Left turn pockets or other intersection improvements - on or significantly benefit MTS.
Park and ride lots - on or significantly benefit MTS.
Signal interconnect of 2 or more signals - on or significantly benefit MTS.
New signal where none currently exists and meets warrants - on or significantly benefits MTS.
Ramp metering without HOV bypass - on or significantly benefits MTS.
OtherO hiah imoact project tvype (above) connectina to MTS.
Low Congestion Relief Impact - Project must be on the MTS, significantly benefit the MTS, or connect
to the MTS:
New local interchanges.
Gap closure that only moves bottleneck condition.
Any high or medium impact project type not on or connecting to MTS.
Roadway rehabilitation or resurfacing.
Transit'lntermodal Proiects Conoestlon Relief Impact Points Impact values are given in ranges.
The particular value a project receives within this range depends on the degree of congestion relief
provided by the proposed design.
High Congestion Religf Impact - Project must be on or significantly benefit the MTS:
Reduces transit load factor by 10% or more.
Increases service capac;ty by 10% or more.
Increases service reliability by 10% or more.
Maior interconnect, or fare coordination prqject.
Onle fu srvnhtlba sibhe
0 to 4
16 to
20
8 to
12
0 to 4
16
810to
12
o to 4 Low Congestion Relief Imact - Project must be on the MTS, significantly benefit the MTS. or connect
to the N."TS:
B3i;:e -ath lane with mixed commuter and other non-recrea:::nal uses. on or connecting to the MTS
Use.o3le sidewalk segments, including upgrades and new installations
S;::-walks where none *.-tsl. connecting activity centers
Snae r rsur
i;-.-'av or .€•ld alk rer;tabilitahion or resurfacine
30
8 to
12
Ma:or intermodal facility.
Re.duces transfer time by 10% or more.
Medium Congestion Relief Impact -Project must be on .1ie 1,'TS, significantly benefit the MTS, or
connec: to the l.ITS
MAne improvement (lees than 10,%); in load factor. service capacity, ease of transfers, or service
reo-:ility on the MTS; ImDrovement in load factor, service capacity, ease of transfers, or service
reollat lity otf the MTS.
Min:r interconnect, or fare coordination project
Low Concestion Relief Impact - Project must be cn the MTS. significan;ly benefit the MTS. or connect
to the t.'TS:
Increases passenger comlort and convenience
Bike lockers or bike racks.
Intermodal facility with unknown level of transfers.
Transit rehabilitation or reolacement.
Bicycle and Pedestrian Proiects Conoestlon Relief Impact Points Impact values are given in
ranges Ihe particular value a project receives within this range depends on the degree of congestion
relief provided by the proposed design. Some impact values have been reduced to reflect the potential
mode sl for these projects
Hiah Congestlon Relief Impact -Project must be on or significantly benefit the NITS.
Class I or C!ass II bike -....lane cr sidewalk necessary link !:r journey to work.
Medium Congestion Relief Impact - Project must be on the M.,TS, significantly benefit the MTS, or
connoc: to the MTS.
Bike pathilane or sidewa:.. that will primarily serve commuters (i.e.. parallel reliever route).
Sievwalks where none exist- gap closure connecting to trar.s;t center.
Pr:-:s to insierconnect across lurisdictional boundaries.
BI
V U 64 Q.J V(UP
1
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Imorove the Efficiency and Effectiveness of theMTS (Continued)
~~·~~r~··rr ~rr:~--·r ~ -rr·i~~:~~-·--I~~-:·~-- - ·- · ~CT--rr~Ctos~i-t-Efectiveness i he nthir parn of the improve Efinciency and Efectiveness of the mTS ibcategory is
the Cost-Effectiveness criterion. It has been revised to measure the ratio of annual benefits (in terms of
total travel time savings and operating cost savings for the project) to annualized total project costs.
The ratios of all projects submitted will then be adjusted to the median in the 0-10 scale; in other words,
. the most number of projects have a cost-effectiveness ratio of 0.5, this value will be assigned 5 points.
and the other values will be assigned accordingly by number of projects in each quartile.
Cost - Effectiveness Measure:
Annual Time Travel Savings - Annual Operatino Cost Savings
Annualized Total Project Costs
Numerator:
Annual travel time savings are total for the entire proposed project. It is the annual average over
the life of the project expressed in 1992 dollars. For the travel time savings calculations, the value
of time assumptions in the MTC model should be used. These are $7.50 for work trips, and $3.50
for non-work trips (these values are in 1992 dollars). If the MTC assumptions are not used.justifications must include defense for alternative assumptions.
30
(wonrsneets for calculating travel time savings can be obtained from MTC).
Annual operating cost savings are the annual average over the life of the project, as compared to
the "no-project" alternat:ve. The calculation of the operating cost savings must be shown on the
aooplcation.
Denominator
The annualized total protect cost = the total project cost times the capital recovery factor.
The formula for the capital recovery factor is:
1
n
Where "i" is assumed to be 5%
Where "n" is the useful life of the proposed prolect
=or ease of calculation, the following table provides the capital recovery factors for different types of
projecs. To calculate the annualized ;otal project cost, just multiply the total project cost by the capital
"ecovery lactor for the appropriate pro!ect type in the table below
Capital
CroC1't Tv n .. L.UsefulL;t I (Yrsl) Recovery Factor
New roac or highway facil;ty 40 0.05827816
noad reconstruction 40 0.05827816
Bikeway 40 0.05827816
3edestrian walkway or bridce 40 0.05827816
Transit maintenance facility 40 0.05827816
Transit transfer facilrties 40 0.05827816
5us stops or turnouts 40 0.05827816
Transit extensions, track.
or overhead lines and support 40 0.05827816
Light rail vehicles 25 0.07095246
-:eavy rail carsloc~motives 25 0.07095246
Ferry 25 0.07095246
Trolley bus 18 0.08554622
Signalization equipment 15 0.09634229
=us 12 0.11282541
=ike lockers 10 0.12950457
Transit m,.,nte nannce toon s 10 0.12950457
Ser.,ice veh::Ies 7 0.17281982
.'ans 
- 0.28201183W-ýWýw - - VIO
574
30 1 Imorove the Efficiency arrd Effectiveness of the MTS (Continued)
Frreic.: The fourth part of the improve Efficiency and Effectiveness of the MTS category is the Freight
Movement and Freight Facii;ties criterion.
Proiec which improve the movement of freight on a tnick route:
20 Heavy trucks are more than 25% of the traffic flow.
10 Heavy trucks are 10% to 25% of the traffic flow.
0-5 Heavy trucks are less than 10% of the traffic flow.
interrrcoal Freia ht Facilities
25 to Major facilfty that serves the MTS (i.e., makes a major (>25%) reduction in the amount of time required
30 for a freight container to travel through the region).
15 to Minor facility that serves the MTS (i.e., reduces the amount of time required for a freight container or
20 other cargo to travel through the region).
5 to Significant activity not tiec to the MTS.
10
15 System Expansion
The following scores are for the STP-CMAQ project evaluations.
A project can score on one line item only in this category. Projects with multimodal aspects are scored
as the primary mode of the project.
This ca:egory is for expansion projects only. System expansion projects will first be evaluated as to
whether or not they meeti cmand. Current demand will be given a higher priority than projected
demans. Examples of Ilov, demano can be demonstrated include, but are not limited to, LOS data.
volumes. or load factors z:r transit. Support in established planning documents such as Short Range
Transr, Plans. Congestior. Management Plans, ADA plans, or other applicable plans or studies will be
given tie most credence Then, points will be assigned up to a maximum of 15 to different project types
accorc7g; to "mce.
System Expansion Demand Multiplier This rs a combination of the Volume Average Daily Traffic
(ADT) tn Level of Ser.::.3 LOS). This applies to all roadway projects. This roadway measure is also
used as an indication o!f :e-mand wi:hin the corridor for other modes.
It den' :s to be d m .,:. by other men s, a,: m t::o bd , according to a similar rationale, i.e.. by
correspcndcing volumes a•:: levels of service - with LOS C corr hespo;nd t  industrV or mrodal
averace- and ADT 30.00 :-50,000 corresponding to the industry or modal average
AcT E D C B
C:50.0 : 0.9 0.6 0.4
30-50 0 06 0.4 0.2
10-30. 0 : 0.4 0.2 0.1
System Expansion Impact Values The multiolier indicates the demand for expanded ser'v., and the
impac: '.-.aues indicate : e manct a project type would have in meeting that demand. The score in this
part c :ne category is t ::on:, : .' ' 'e mu!:': . mo- value.
R.oad".ny Proemct t ,!ic: v 1:
(Note. :* ese can C te c.o .0.•.
5 HCv' !-anes.
M0-2 -ed flow capaclity. :-uding arlerials1-5 S2..-nr•in eatures 5 c. as ramp metering, park and rides, bus routes, bicycle and pedestrian
f•cilites
5 On or significanl:v tb.crls the MTS.
2-3 I.,:ro.r benefit to the Y.'TS.
Trlnsit Proiect Impact ValueI
5 S:'.:'icant expansio n on or signihcantly benefits the MTS, including supporting features.
2.10 M.-:r expansion. on O' benet:s the MTS suooorted by the SRTP
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15 I System Expansion (Continued)
Intermodal Freight Facilities Expansion Ptoiect Imoact Values:
15 Access to major freight distribution facilities.
2-10 Access to minor freight distribution facilities.
10-15 Access to containerized cargo port as defined by Seaport Plan.
4-6 Access to other seaport as defined by the Seaport Plan.
10-15 Access to air carrier airport.
4-6 Access to airport with more than 100,000 operations per year.
0-2 Access to other airports.
Bicvcle!Pedestrian Commuter Expansion Proiect Imoact Values:
10-15 Bike path/lane or sidewalk that will primarily serve commuters (i.e. parallel reliever route).
4-6 Bike pathilane with mixed commuter and other non-recreation use or connects to MTS.
0-2 Bike path/lane or sidewalk that is primarily fnr recreational travel or not on MTS.
Corridor Preservation: A project can score under the System Expansion multiplier and impact
value OR the Corridor Preservation, but not both.
15 Right-of-way for major endangered transportation corridor, including station sites or future maintenance
facilities.
10 Right-of-way for major transportation corridor, including station sites or future maintenance facilities.
0-5 Richt-of-way for m!.nor transoortation corridor.
25 External Impacts
Air Quality
Projects which wii produce an improvement in Air Quality over the life cycle of the project will be
awarded points according to the following system:
5 Adc*,•_ federa T- ,,n.:c•.:;n Control Measures (TCMsZ reauired to bring the MTC region into
com'P'.nc wV;h '! roiP,",'sI current tfoeral State Implementation Plan (Clean Air Act) receive 5 ooints
Projects with demonstrable air quality improvement impact based on analysis performed for the 1991
Clean Air Plan (;:.=ludes both federal TCM (FTCM) and state TCM (STCM) measures). Projects may
score under several subcategories if multiple TCMs are included in the project, up to a cap of 20 points
for TC.i inclusion.
Most Effective TCMs (GrouD 1) Signal timing (FTCM 24 and 25); Market based measures (STCM
22); Ozone Excess "No Dnive Days" (STCM 23).
20 Entirely a TC!.1.
15 Includes a TCM as a si-nificant part
S In.:uces a T.. as a r:.nor part.
5 Nz signitican. air qualit•; impact in certified environmental document.
O Unknown air cualiy irnmact.
Highlyv Effective TCMs (Groun 2): Incident Management (FTCM 26); Employer based Trip Reduction
Rule (STCM 2), 'ns:all Traffic Operations System (STCM 11); Implement Revenue Measures (STCM
21).
15 En::rely a TC'.,
12 Includes a TCM as a si•nificant part.
b in!Lr, des a Tf,, as a rn;nor part.
5 N , s:gnificar-.: a: qual;:y ;mpact in certlied en.,ironmental document.
0 Unknown a:r cJality imeact.
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Moderately and Maronallv Effective TCIM I(Grma 3. 4 and 5): Regional Transit Coordination(Translink and regional 800 transit phone number)( FTCM 21); Expand and Improve Public Transit (rail
station improvements/intermodal stations, purchase of clean fuel buses for fleet expansion)(FTCM 3);Improve transit Service (STCM 3); Expand Regional Rail System (STCM 4); Improve Arterial Traffic
Flow (STCM 12); Indirect Source Control Program (STCM 16); Upgrade CalTrain service (FTCM 19);Regional HOV System Plan (FTCM 20); Park and Ride lots (FTCM 7. 8); Employer Audits (FTCM 23);Local TSM Initiatives (FTCM 28); all other FTCMs, all other STCMs.10 Entirely a TCM.
8 Includes a TCM as a significant part.
5 Includes a TCM as a minor part.2 No significant air quality impact in certified environmental document.0 Unknown air quality impact.
Land ULa Criteria
The Subcommittee agreed to adopt Planning Principle #6, the land use elements as the new Land Use
criteria. If a project meets all three of the new elements, the project would receive eight (8) points: if aproject meets two of the new elements, the project would receive six (6) points: if the project meets only
one of the new criteria, the proiect nets four (4) points. The project csn also get two (2) additional pointsif SIGNIFICANT, immediate, use impacts can oe shown.
The three elements of Lanc ':
1. Transit investment th: :ts transit oriented land use plans and strategies (e.g., highdensity developmerr a -.. to rail stations).
2. Improvements that make existing developments more pedestrian and bicycle friendly, that supportHOV and transit use, and that improve passenger safety and convenience.3. Investments that support land use policies that minimize the use of freeways f-,
transportation investments that support infill and mixed use devep-ment ) .Enerovy Conservation/Modal Shft
8-10 Directly promotes modal shift away from the single occupant vehicle, such as rail, bus. HOV orbicycle/pedestrian projects.4.6 Indirectly promotes modal shift, such as TOS, park and ride lots.4-6 Signal interconnection projects.
Americans with Disabilities Act (ADA)
20 Entire project is for ADA.5 ADA is a significant component of project.
2 ADA is a minor component of project.
TOTAL POINTS
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II. Overall Multipliers for Planning Projects
All planning projects are first evaluated as if the project defined for the study were to be built.
This is done according to the Screening and Scoring Criteria above. Second, the total score
for the planning project is scaled down by the following multipliers. The particular multiplier
used for a given project depends on the nearness and necessity of the planning project to
direct and immediate transportation improvements.
Plannina Activity Multioliers
Preconstruction Activities
such as Alternatives Analyses and project design
Priority Setting Studies
such as county-wide bike plans or Deficiency Plans
Long-Range Feasibility Studies
and general planning activities
1.0 to 0.8
0.6 to 0.4
0.2 to 0.0
Scoring Criteria Guidance
Section A
Bus
Van
LRV
Trolley Bus
Heavy Rail Car (CT, BART)
Ferry
Tools and Equipment
Service Veh:cles
Track/Ove rheadWire' Facilities
Normal Replacement Cycle
12 yrs
4 yrs
25 yrs (or FTA app
18 yrs
25 yrs
25 yrs
10 yrs
7 yrs
)roved cycle)
40 years - Components can be
replaced earlier based on industry
standards (case-by-case determination)
__ __
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APPENDIX T
TCMs To Be Considered for Testing and Evaluation by Washington, DC.
Source: Washington No. 1, pages 183 - 193.
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LIST OF TRANSPORTATION CONTROL MEASURES
TO BE CONSIDERED FOR TESTING AND EVALUATION
Developed by the
Traffic Mitigation Subcommittee
The following document is a list of transportation control measures that are under consideration for testing
and evaluation. The list was developed by the Traffic Mitigation Subcommittee, for the Transportation
Planning Board Technical Committee at COG. It is considered a "working document". As such, measures
may still be added or deleted. Once the list has been reviewed by the TPB Technical Committee and
received public input, the measures will go through an initial screening process to determine which TCMs
warrant further testing and analysis. The goal of the list (and the subsequent analysis) will be to identify
the most promising TCMs, for inclusion in a regional air quality plan to attain clean air standards.
I Q1I
PAGE 183
July 1994 MWCOG Analysis of Transportation Control Measures
MWCOG Analysis of Transportation Control Measures July 1994
TCMs TO BE CONSIDERED FOR TESTING AND EVALUATION
*= Measure to be scored
1.0 Mobility Improvements
1.1 Public transit
1.1.1 New transit services
1.1.1.1 New transit improvements, as coded in the PFT2 Network along with land use patterns
and densities to support them (Decision to be made in conjunction with LRP update
process).
*1.1.1.2 New transit amenities, including bus shelters with benches at all bus stops (where
in compliance with ADA regulations
1.1.1.3 (TMA Group will provide)
*1.1.2 Increase frequency of existing transit (especially bus) and improve transfer --connections,
including the construction of Transit Centers or similar up-graded transfer facilities.
Provide peak period headway of all bus and transit to not more then 10 minutes.
*1.1.3 Add timed transfer service with extensive suburban route coverage to:
* Germantown
* Gaithersburg
* Rockville
* Bethesda/Chevy Chase
* Silver Spring
* North Bethesda
* Wheaton
* College Park/Hyattsville/Riverdale
* Greenbelt/Lanham
* Greenbelt/Beltsville
* Laurel
* Largo
* Camp Springs/AAFB
* Cameron Valley
* Merrifield
* Tysons Corner
* City of Fairfax/Oakton
* Fairfax Center
* Fairfax Dulles
* Herndon/Reston
* PW Regional Employment Dist.
* Springfield Transportation Center
* Bowie
* Crofton
* Mitchellville
* Suitland
* Upper Marlboro/Melwood
* Clinton
* Fort Washington/Oxon Hill
*1.1.4 In high volume bus corridors, reduce bus passenger travel time and improve schedule
adherence, using such techniques as queue jumpers, HOV lanes, signal priority or other
priority treatments.
*1.1.5 Increase the application of technology, such as APTS/AVL terminal displays at transit
centers, automated fareboxes or ticket and transfer modules
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*1.1.5.1 Implement combined transit info database.
*1.1.5.2 Place information kiosk in suburban employment sites, downtown core and
transit/commuter rail stations.
*1.1.5.3 Implement real-time transit passenger information systems
*1.1.6 Increase frequency of commuter rail service in both directions.
1.1.7 Improve transit access, safety and ease of use.
*1.1.7.1 Construct missing sidewalks/other pedestrian facilities, street lights, pedestrian
signs and pedestrian activated traffic signals to complete pedestrian systems within
1 mile of all rail transit stops.
1.2 Parking
1.2.1 Provide more park-and-ride facilities that would serve car/van pools and public transit
*1.2.1.1 Expand all Park-and-Ride lots that are now full, by 50%.
*1.2.1.2 Build new Park-and-Ride lots, associated with new HOV facilities, based on PFT1
Network.
*1.2.1.3 Provide preferential treatment for HOVs at transit Park-and-Ride facilities.
*1.2.1.4 Provide Park-and-Ride facilities at intersections of major commuter highways in the
region.
1.3 HOV lanes (including bus lanes)
1.3.1 Build HOV network, based on PFT1 Network and LRP update process, with limited access
right-of-way. Evaluate diamond lane vs. separate row.
1.4 Bicycle/Pedestrian Improvements
*1.4.1 Construct transit and pedestrian malls
*1.4.2 Designate areas of bicycle, pedestrian, transit priority with traffic calming procedures.
*1.4.3 Construct missing sidewalks and other pedestrian facilities, street lights and pedestrian
activated traffic signals to complete pedestrian/bicycle systems with all schools, public
facilities, shopping and employment centers.
*1.4.4 All new, widened, reconstructed or repaved arterial roadways should include sidewalks and
bicycle/pedestrian lanes or paved shoulders/wide outside lanes (in accordance with state
law).
*1.4.5 Develop a fine-grained network of calmed streets linked to a comprehensive network of
separated bicycle lanes and paths along higher speed/higher volume traffic arterials.
*1.4.6 Construct the bicycle and pedestrian facilities identified in the Bicycle Element of the Long-
Range Transportation Plan.
*1.4.7 Provide bicycle parking racks or lockers at all transit stations and park-and-ride lots.
*1.4.8 Develop guarded bicycle check-rooms or garages and service counters at selected high-
volume transit centers.
*1.4.9 Reduce lease fee for bicycle lockers.
1.5 Car and Vanpool Programs
*1.5.1 Upgrade COG Ride Finders Program computer services: Upgrade software for full regional
address recognition, corridor searching, graphic display matching, self-walk up matching
potential, integrated transit information, and parking database integration.
1.5.2 Increase the availability of employer and residentially based ridesharing matching services.
*1.5.2.1 Implement satellite ridesharing or TMA offices at all major employment centers
(Federal, State and Private), with inter-connection through the regional COG
ridesharing program.
*1.5.3 Implement regional "Guaranteed-Ride-Home program".
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2.0 Policy/Legislati, instruments
2.1 Public Transit
2.1.1 Transit subsidies
*2.1.1.1 Implement a Regional Voucher Program with travel allowance and parking charge
($6C'mo. for all employees)
2.1.2 Reduced fares
*2.1.2.1 Single price all public transit services ($1.00/trip) with free transfer.
*2.1.2.2 Mandatory employer transit pass program - equity with free parking.
*2.1.2.3 Develop monthly, quarterly or annual transit passes.
*2.1.2.4 Develop regional transit fare media.
*2.1.2.5 Free rail use (all), 10-3pm weekdays
*2.1.2.6 Reduce cost of all rail use by 50%, 10-3pm weekdays
*2.1.2.7 Introduce fareless transit square in major CBDs.
2.1.3 Promote diverse paratransit
*2.1.3.1 Allow jitney, shared ride taxi and user side subsidy taxi service to all sites not
serviced by public transportation.
*2.1.4 Establish regional vanpool service insurance pool.
2.2 Bicycle/Pedestrian
*2.2.1 Require, through zoning ordinances, that secure bicycle parking racks or lockers are
provided at a ratio of 1 space per 20 employees for all employment sites.
2.3 Parkina
2.3.1 Increase parking costs.
*2.3.1.1 Each suburban workp,, .- narking space outside Men• • .e , b taxed at rate
of $50/mo., revenues rauppo o:rnsit opi;•utions.
*2.3.1.1.1 Tax all parking in the Metro Core at a rate of $75/month, revenues to support
transit.
'2.3.1.2 Tax new parking spaces that exceed code minimum (up to $5,000 annually) and
phase in charges 1996, 1999 and 2010
*2.3.2 Increase Meter Parking costs in the Metro Core.
*2.3.3 Restrict new parking construction
* 1 space per 5 employees for building' within 1/4 mile of transit stations.
* 1 space per 3 employees for buildings in O.C., Artingron ao Alex•• •ria•
* 1 space per 2 employees for building inside the beltway.
* 1 space per 1.5 employees for buildings outside the beltway.
*2.3.4 Provide free spaces for all carpools (2 or more) and all vanpools.
*2.3.5 Increase marketplace understanding of parking costs by requiring fully allocated costs for
all parking to appear as a separate charge on all commercial and residential leases, and
require on a phased in basis -separate leases for parking, with an option to decline all.
*2.3.6 Require market-based parking charges for all federal facilities in the region.
2.4 Land use
2.4.1 Establish new and enhanced current means of creating better jobs-to-housing balances
within subareas in the region.
*2.4.1.1 Require all new office development within 1/2 miles of a Metro station to be
accompanied by sufficient residential units for all employees of the office
development.
*2.4.1.2 Eliminate all prohibitions against residential units above retail establishments in
commercial districts
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*2.4.1.3 Eliminate on-site parking requirements in commercial districts within 1/4 mile of
Metro stations.
*2.4.1.4 Eliminate prohibitions against accessory dwelling units throughout the region.
2.4.2 Develop higher densities at transit stations and along transit corridors
*2.4.2.1 Increase density in the District of Columbia at parcels adjacent to Metro stations.
*2.4.2.2 Set a regional goal for the number of dwelling units at each Metro station by
overlaying local zoning and seek enabling legislation from the District of Columbia
and the states to implement the goal.
*2.4.2.3 Institute residential parking permit programs in transit corridors.
*2.4.2.4 Require all shopping centers and strip malls to develop or allow development on
their parking lots the same number of residential units as there are employees in
the retail establishments.
*2.4.2.5 Require construction of a range of housing types in higher-density configurations
in the air rights of all transit operator parking lots.
2.4.3 Require mixed-use development
*2.4.3.1 Eliminate prohibitions against neighborhood-serving retail establishments in
residential zoning districts.
*2.4.3.2 Eliminate prohibitions against home occupations, including home businesses with
employees, in residential districts.
*2.4.3.3 Eliminate single-use zoning districts which segregate permitted land uses into
mutually exclusive areas, and replace them with districts permitting a mix of uses
in a range of densities, while prohibiting the co-location of residential and noxious
land uses to ensure protection of health, safety and welfare.
*2.4.3.4 Eliminate off-street parking requirements for commercial land uses and replace
them with on-site housing requirements.
2.4.4 Plan for more urban and suburban in-fill development
*2.4.4.1 Implement taxation changes that severely penalize owners of vacant housing,
abandoned housing and vacant lots.
*2.4.4.2 Establish an urban growth boundary to contain the outward force of development
in the region and to redirect growth inward.
*2.4.4.3 Transfer ownership of vacant, public housing buildings to churches and others with
the resources to renovate and manage them.
*2.4.4.4 Construct mixed-use development on the air rights of most surface parking lots,
and severely limit the construction of new surface parking lots.
2.4.5 Require all new development site plans for employment, shopping centers and residential
dwellings to include site layouts and facilities that accommodate bus, pedestrian and
bicycle access in the most convenient and safest manner.
*2.4.5.1 Require new building to front arterial roads to provide shorter distances between
bus stops and building entrances.
*2.4.5.2 Require secure bicycle parking in all new developments.
*2.4.5.3 Require pedestrian and bicycle circulation plans as part of required application
materials in all jurisdictions receiving state or federal transportation capital
improvement funds.
*2.4.5.4 Publish a handbook on improved site planning techniques jointly prepared by local
governments and the development community.
*2.4.5.5 Encourage transit operator joint development and system interface policies that
link projects to transit stations.
2.4.6 Develop ancillary services (shops, ATMs, dry cleaners, child care) at suburban employment
centers, transit stations and park-and-ride lots
*2.4.6.1 Require through zoning and site plan review processes the provision of ancillary
services in exchange for density bonuses and other incentives.
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*2.4.6.2 Require transit operator to include commercial operations within transit stations.
*2.4.6.3 Replicate the development of the Shady Grove elderly and child-care facility at all
terminal and other transit stations including Park-and-Ride lots.
*2.4.6.4 Work with the District of Columbia and the states to develop employment
counseling and training centers at selected transit stations which would provide
child care for those being counseled/trained.
2.4.7 Locate public facilities so as to minimize the amount of travel necessary to reach them;
sites are to served by transit.
*2.4.7.1 Replace aging schools and libraries with new facilities designed for cig~pt
requirements as part of mixed-use developments at transit stations. The sale'bf
the replaced facilities would provide funding for recreation areas for schools that
would serve as open space for the mixed-use center.
*2.4.7.2 Require new Federal, Regional, State and Municipal services be accessible by
transit.
*2.4.7.3 Provide density bonuses and other incentives to developers of transit-oriented
buildings with components provided to assist the public, such as visitors centers,
job counseling offices, health clinics, elderly and child care facilities, libraries,
municipal permit centers and the like.
2.4.8 Zoning changes, such as zoning that encourages development in areas already well
served by transit.
*2.4.8.1 Rehabilitate 10,000 vacant dwelling units in the District of Columbia.
*2.4.8.2 Establish clearly defined transit station overlay districts (as exist in Prince George's
county and other jurisdictions) on a uniform basis regionwide so as to make a
consistent set of regulations apply in these areas to give them a competitive edge
over other areas.
*2.4.8.3 Establish urban growth boundaries as required in Oregon to limit the outward
growth of the urban area and to focus development on areas that can be provided
transit and other urban services.
*2.4.8.4 Reduce barriers to the subdivision of single-family dwelling units.
*2.4.8.5Eliminate prohibitions against Single Room Occupancy.
*2.4.8.6 Encourage adaptive reuse of warehouse and industrial space in transit accessible
areas.
*2.4.8.7 Encourage reinvestment in CBD areas through incentives such as free-enterprise
zones.
2.4.9 Auto restricted zones
*2.4.10 Establish auto-free zones on streets with crowded or constrained pedestrian movement
pattems on sidewalks in Silver Spring, Bethesda, Downtown and Alexandria.
*2.4.11 Develop traffic cell system in CBD (A system which makes auto trips between the cells
circuitous, but shortens trips by transit, bicyclists and pedestrians.
*2.4.11.1 Award density bonuses and other incentives to developers of buildings abutting
auto-free zones.
*2.4.11.2 Establish auto-free zones Mifkin;; the Monumental Core to most downtown transit
stations.
*2.4.11.3 Replicate the auto-free zones around the Jefferson aod Lince!n Memorials at other
National Park Service reservations such as Dupont and Washington Circles.
*2.4.11.4 Trip reduction ordinances, as in the Montgomery County TRO, in local jurisdictions
2.4.12 Design new areas for transportation efficiency. Measures include provisions for non-
vehicular routes, and layout of streets that discourage motor vehicle use for short trips
where other more energy-efficient means of transportation are available.
*2.4.12.1 Forbid construction of cul-de-sacs in the urbanized area.
'2.4.12.2 Require grid patterns of streets to serve all new subdivisions.
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*2.4.12.3 Construct a system of footpaths and bikeways throughout the metropolitan area.
*2.4.12.4 Require all new highway and transit construction to be matched by trail
construction funding on a formula basis, such as $10 for trails for every $100
spent on highway and transit.
2.4.13 Tax incentives to encourage development in the urban core and inner suburbs along
corridors well served by transit.
*2.4.13.1 Enact value-capture taxation methods that favor development and redevelopment
while discouraging under-investment and speculation. This technique is used
extensively in Pennsylvania and in other countries.
*2.4.13.2 Implement regional tax-base sharing to provide compensation to areas not in th-r
urban core and inner suburbs along corridors well-served by transit which would
be expected to forgo potential development that would expand their tax base. This
technique is used in the Minneapolis-St. Paul region for several reasons.
2.5 Financial Incentives/Disincentives
*2.5.1 Increase state/regional/local gas taxes ($0.25/yr. for 10 years), with rebates to transit
operators and trucking services. Proceeds from tax to go to fund for regional transit
operations and capital. Intent is to reduce auto travel without adversely impacting
commerce.
*2.5.2 Institute highway tolls, including congestion pricing of roads and travel facilities to achieve
minimal level-of-service E., Network to be priced is identical to HOV Network in PFT1.
HOVs are not charged. (Toll increases should be greater than that of transit increases).
Funds would be used for facility improvements and travel demand management activities.
*2.5.3 Institute area pricing of peak period of travel to CBD's and other designated centers
between 6-10 a.m.
*2.5.4 Impose a tax on vehicle milage, graduated according to the milage operated (annual
budget of 10,000 free miles, avg. of $0.05/mile charge for each mile driven over
10,000/year with credit for low-emitting vehicles) graduated according to air pollution
emission rate of the vehicle.
2.5.5 Institute a graduated vehicle registration fee.
*2.5.5.1 (1st auto @ $50, 2nd auto @ $50 + $25, 3rd auto @ $50 + $40. etc. phased in
over a 10 year period.)
'2.5.5.2 (1st auto @ $500, 2nd auto @ $500 + $250, 3rd auto @ $500 + $400. etc.
phased in over a 10 year) period.
2.5.6 Provide bicycles for free use by employees.
*2.5.6.1 Employers must provide at least 1 bicycle per 50 employees for mid-day employee
business or personal use.
*2.5.7 Tax on people who purchase cars that do not meet minimum fuel efficiencies or that
exceed certain size and/or weight restrictions (similar to California standards).
*2.5.8 Institute toll-free travel on toll facilities for all carpools, vanpools, and buses.
*2.5.9 Rebate gasoline taxes to registered vanpools.
*2.5.10 Abolish licensing fees for registered vanpool.
*2.5.11 Abolish personal property taxes on all vehicles used primarily for vanpooling and
buspooling.
*2.5.12 Property tax incentives for businesses operating in pedestrian areas.
*2.5.13 Accelerate depreciation or investment tax credit for employers providing vanpool vehicles.
2.6 Bicycle/Pedestrian
*2.6.1 Permit bicycles to be carried on.all suburb to suburb and suburb to city public transit bus
routes, and expand hours of the Metro bike-on-rail program to include 10am to 3pm on
weekdays.
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*2.6.2 Eliminate bike-on-rail permits.
*2.6.3 Easier access to bike-on-rail permits.
*2.6.4 All local and state jurisdictions should hire/designate a pedestrian coordinator to manage
projects and market and promote pedestrian travel.
*2.6.5 Employers should provide pedestrian and bicycle commuters with free access to shower
and locker facilities.
*2.6.6 Develop pedestrian/bicycle paths that access commercial/retail centers.
*2.6.7 All local and state jurisdictions should hire/designate a bicycle coordinator to manage
projects and market and promote bicycle travel.
2.7 Restrictions on private auto use and fuel consumption
*2.7.1 Programs to limit or restrict motorized vehicle use in congested areas, particularly during
periods of peak use.
*2.7.2 20 Miles per hour speed limit on all local streets.
*2.7.3 Programs to limit portions of road surfaces or certain sections of the metropolitan area to
the use of non-motorized vehicles or pedestrian use (both as to time and place)
*2.7.4 Mandate minimum fuel efficiencies for all cars (federal CAFE standards)
*2.7.5 Programs to control the extended idling of vehicles
*2.7.6 Programs to reduce motor vehicle emissions caused by extreme cold start conditions
*2.7.7 Programs to encourage the voluntary removal from use and the marketplace of pre-1980
model year cars
*2.7.8 Adopt California emissions standards.
*2.7.9 Retrofit existing vehicles: Require installation of energy conservation -u.-, me-n t on
existing vehicles, including installing ignition and carburetor devices and fuel-efficient tires.
*2.7.10 Inspect vehicles to ensure that they are achieving fuel efficiency
*2.8 Weekly radio, TV, and newspaper advertisements to promote alternative modes.
*2.9 Regulate commercial trucks travel to non-peak periods.
*2.10 Establish Kindergarten - 12th grade bicycle education safety programs (School education
curriculum materials on environmental/transportation options).
*2.11 Establish telework friendly state and local regulations.
*2.12 Levy substantial 'pollution fee' on gasoline-powered motor vehicles (similar to California).
*2.13 Allow each household to register no more than one gasoline-powered motor vehicle; additional
vehicles must be powered by alternative fuels or electricity.
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3.0 Employer Programs
*3.1 Employer-based transportation management plans (including incentives)
*3.2 Flexible work schedules
*3.3 Four-day work week/proportionately staggered over the entire work week.
*3.4 Staggered work hours
*3.5 On-site trip reduction programs, requiring employers/building owners to provide all of the
following measures for employees of work sites:
* Telecommuting
* Bus shelters at bus stops adjacent to work sites.
* A discount on transit fares and vanpooling fees, subsidized at least to the level of the
employer/landlord subsidies for the fully allocated cost of parking.
* 75% fuel discount for carpoolers and vanpoolers.
*3.6 Establish an area-wide program to assist employers in providing company cars, taxi fares, or
other transportation as appropriate for a universal 'Guaranteed Ride Home' program.
*3.7 Permit greater full-time home occupations.
3.8 Telecommuting
*3.8.1 Establish 12 shared-use telecommuting centers in outlying areas.
*3.8.2 Offer financial incentives for employers to set up telecommuting programs, requiring that
employers certify effectiveness as a precondition of funding.
*3.8.3 Create a regional telecommuting advisory center to promote the concept and educate
employers.
*3.9 Adopt Maryland ETR requirements.
589
PAGE 191
July 1994 MWCOG Analysis of Transportation Control Measures
MWCOG Analysis of Transportation Control Measures July 1994
4.0 Non-Work
*4.1 Raise driving age to 18.
*4.2 Replacement of shopping trips by a combination of tele-ordering and parcel delivery encourage
telebanking, any substitution of telecommunication.
*4.3 Prohibit student parking at high schools.
*4.4 Free transit passes for high school and college students, subsidized by the schools or through
a student registration fee.
*4.5 Bicycle lockers at park-and-ride lots.
*4.6 Retrofit convenience commercial centers within five-minute walking distance of residences in
each neighborhood.
*4.7 Develop penetrator paths that access commercial centers.
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5.0 Traffic Operations
*5.1 Introduce ATMS to provide fully integrated intersection controls, freeway ramp metering and
advisory signs, real-time information on traffic conditions, and quick response incident
management.
*5.2 Traffic flow improvement programs that achieve emissions reductions.
(See TIP)
*5.3 Optimize traffic signal timing.
(See TIP)
*5.4 Upgrade traffic signal systems.
* US 1, MD 212 to 1-95
* US 1, Laurel Rd. to Contee Rd.
* MD 4, Forestville Road to Shadyside Ave.
* MD 5, MD 637 to Marlow Heights
* Md 197, B/W Parkway to MD 193
* US 1, MD 500 to Fox St.
* MD 214, Addison Rd. to Hampton Park Blvd.
* (See TIP for additional projects)
*5.5 Remove unwarranted traffic control devices.
(See TIP)
*5.6 Put traffic signals on "flashing yellow". Introduce flashing yellow in the predominant direction
and flashing red in the minor direction from the hours of 12 midnight to 5 a.m. for all low-
volume intersections, where safety and geometrics permit.
*5.7 Improve streets at traffic bottlenecks.
(See TIP)
*5.8 Increase use of right-turn-on-red.
*5.9 Maintain pavements intensively.
(See TIP)
*5.10 Improve horizontal and vertical alignment at selected locations.
(See TIP)
*5.11 Travel advisory services (such as via radio).
*5.11.1 Introduce regional ATIS to provide travellers with real-time information on travel conditions
for all.
'5.12 Change street circulation.
*5.13 Highway ramp metering, preferential entry, for HOV and transit.
*5.14 Traffic signal priority for high-occupancy vehicles.
*5.15 Increase speed limit enforcement in freeways so that 85 percent is at 55 mph at all times.
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APPENDIX U
Three Examples of Analysis Methods Used By Washington, DC
(Sketch Planning, Mode-Choice Model, COMSIS TDM)
Source: Washington No. 1, pages 118-120, 132 - 138.
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MEASURE M-32: Increase Bus Speeds in High Volume Bus Corridors
DESCRIPTION: This Transportation Control Measure would decrease the travel time of buses operating
in corridors with extensive bus service by making various street-level and transit operational improvements.
By providing bus lanes, pre-emption of signals, and increased use of express and limited-stop operations,
weekday-peak period bus travel times on major arterial streets would be improved.
ANALYSIS TOOL: Mode-Choice Model
TRAVEL ANALYSIS ASSUMPTIONS: The effect of this measure on work trips was analyzed using the
MWCOG Mode Choice model. High-volume bus corridors were identified for any zone-zone pair if they
meet the following two (2) criteria:
1) initial wait time is five minutes or less.
2) bus run time is 50% or more then (bus + rail) combined run time.
For the zone-zone pairs that met the above criteria, the bus run times were reduced by 20% for input
to the model. The 20% reduction reflected a reasonable potential improvement in running speed from all
bus priority treatments. The measure increases HBW transit trips by 4,500 trips along with a reduction of
3,500 vehicle trips. Since few non-work trips occur during the peak period, the relative effect of this
measure on non-work transit trips was estimated at 10%. The decrease in non-work vehicle trips was
estimated from the increase in non-work transit trips.
Increase in Transit Trips:
4,500 Increase of 0.7% in HBW transit trips
+ 15.5% Increase by 15.5% to account for work-related trips
5,200 Estimated increase in HBW transit trips
IMPACT ON NON-WORK TRANSIT TRIPS
0.7% Estimated increase in HBW transit trips
x 10% Non-work impact is estimated to be 75% of HBW impact
0.07% Estimated increase in non-work transit trips
x 274,100 Total base non-work transit trips
200 Total increase in non-work transit trips
5,400
Reduction in VT:
Total Increase in transit trips
3,184,000 Base 1996 HBW vehicle trips (average weekday)
x 0.11% Estimated reduction in HBW VT attributable to the TCM
3,500 Reduction in HBW vehicle trips
+ 15.5% Increase by 15.5% to account for work-related travel
4,000 Total HBW trips reduced
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IMPACT ON NON-WORK TRIPS
200 Increase in non-work transit trips
+ 1.5 Non-work Average Vehicle Ridership (AVR)
100 Estimated reduction of non-work trips
4,100 Total reduction in vehicle trips
Reduction in VMT:
47,006,000 Base 1996 HBW VMT (average weekday)
x 0.09% Estimated reduction in VT attributable to TCM
42,300 Reduction in HBW VT
+ 15.5% Increase by 15.5% to account for work-related travel
48,900 Total HBW VMT reduced
IMPACT ON NON-WORK VMT
66,082,000 Base non-work VMT
+ 10,941,000 Base non-work VT
6.0 Average trip length for non-work trips (miles)
x 100 Reduction in non-work VT
600 Estimated reduction in non-work VMT
49,500 Total VMT reduced due to implementation of TCM
Estimated Emission Reduction
Cold start emissions =
Running emissions =
Hot soak emissions =
4,100 trips X 2.919 grams/trip =
49,500 miles X 0.551 grams/mile =
4,100 trips X 1.114 grams/trip =
12,000 grams
27,300 grams
4,600 grams
Total trip cycle = 43,900 grams
43,900 grams + 907,185 grams/ton = 0.05 tons
COST ANALYSIS ASSUMPTIONS:
Transit capital and operating costs and revenues impacts were estimated on the basis of a 4,100
increase in daily transit ridership. Using the standard transit financial impact procedures for this project,
transit capital costs would increase by $194,800 and transit operating costs would increase by $2.73 million.
These costs would be offset by $1.85 million in additional revenue. Additional capital costs were estimated
for the implementation of certain priority treatments, such as signal pre-emption and bus-only lanes. Of
the total change in ridership, 45.5% of trips end in the District, 22.4% of trips end in Maryland and 32.1%
,5 96
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of trips end in Virginia. The assumed number of days for this measure was 250
year.
and the life cycle was one
Capital Costs:
Operating Costs:
Transit Revenue:
Net Public Cost:
$0.19/trip X 5,400 trips/day X 250 days =
$2.66/trip X 5,400 trips/day X 250 days =
$1.30/trip X 5,400 trips/day X 250 days =
$256,500
$3,591,000
($1,755,000)
$2,092,500
Cost effectiveness = $ 2,092,500 = $ 167,400/ton
250 x .05
NOTE: This cost does NOT include construction of bus lanes, or signal pre-
emption.
EVALUATION RESULTS:
Emission Reduction Potential: 0.05 tons/day
Net Cost/(Revenue): $2.1 million
Cost Effectiveness: $167,400/ton
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MEASURE M-39: P&R Lots Near Selected Major Highway Intersections
DESCRIPTION:
This Transportation Control Measure would construct new Park and Ride lots in the vicinity of selected
intersections of major commuter highways in the region. Such Park and Ride lots were designated as
serving either express transit with transit/carpools.
ANALYSIS TOOL: Sketch Planning
TRAVEL/EMISSION ANALYSIS:
The facilities which were assumed are as follows:
Maryland
Prince George's
Anne Arundel
Howard
Montgomery
Anne Arundel
200 spaces / mixed use
50 spaces / express transit
400 spaces / express transit
200 spaces / mixed use
70 spaces / express transit
920 spaces in Maryland
Rt. 29 Corridor Fairfax County 1,000 spaces / mixed use
1,920 TOTAL SPACES
Data presented in the 1981 FHWA Traveller Response Handbook suggests the following characteristics
of Park-and-Ride lots to support express transit. Six new Park-n-Ride Lots are assumed to be in place,
having a total capacity of approximately 1,920 spaces.
PRIOR TO P&R FACILITY CONSTRUCTION
MODE OF TRAVEL
(for every 100 person trips)
SOV Person Trips
SOV Vehicle Trips
HOV Person Trips
HOV Vehicle Trips (12 + 3.2)
Walk Access
TRANSIT
Auto Access
Non-Motorized Modes
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MD373
MD408
US29
Montrose
MD258
MD210
MD4
MD216
MD355
MD4
Virginia
38
38
12
4
14
27
9
July 19 4 W I I c
AFTER P&R FACILITY CONSTRUCTION
MODE OF ARRIVAL Auto Access Person Trips 87
(for every 100 person trips) Average Vehicle Occupancy 1.08
Vehicle Trips (87 + 1.08) 81
for
EXPRESS TRANSIT & Kiss & Ride 4
MIXED USE Walk/Other 9
AFTER P&R FACILITY CONSTRUCTION
MODE OF DEPARTURE Carpool 60
(for every 100 person trips) Vanpool 22for Vanpool 22for
MIXED USE LOTS ONLY Transit 18
AFTER P&R FACILITY CONSTRUCTION
MODE OF DEPARTURE
(for every 100 person trips) Transit 100
for
TRANSIT ONLY
VT REDUCTION (Express Transit & Mixed Use Lots):
One-Way Vehicle Trips PRIOR to Lot Construction (for every 100 person trips)
One-Way Vehicle Trips AFTER Lot Construction (for every 100 person trips)
Increase in One-Way VT due to implementation (per 100 person trips)
Number of spaces (assumed to be same as VT)
Increase in VT per space
Increase in Two-Way VT per space
VT increase due to TCM = 1,920 spaces x 0.38 = 730 trips
599
69
- 85
(16)
4 85
0.19
x2
0.38
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VMT REDUCTION (Express Transit Lots Only):
Home to Work VMT PRIOR to Lot Construction (for every 100 person trips)(69 vehicle trips x 2) x 36.5 (ave. trip length)
Home to Lot VMT AFTER Lot Construction
(85 vehicle trips x 2) x 7.9 {ave trip length)
Lot to Work VMT AFTER Lot Construction (for every 100 person trips)
Total VMT AFTER Lot Construction
Decrease in VMT due to implementation (per 100 person trips)
Decrease in VMT per space (3,700 + 85)
VMT REDUCTION (Mixed Use Lots Only):
Home to Work VMT PRIOR to Lot Construction (for every 100 person trips)(69 vehicle trips x 2) x 36.5 (ave. trip length)
Home to Lot VMT AFTER Lot Construction
(85 vehicle trips x 2) x 7.9 {ave trip length)
Lot to Work VMT AFTER Lot Construction (for every 100 person trips)(21 vehicle trips x 2) x 28.6 (ave trip length)
Total VMT AFTER Lot Construction
5,040
1,340
0
1,340 1,340
3,700
5,040
1,340
1,200
2,540
Decrease in VMT due to implementation (per 100 person trips)
Decrease in VMT per space (2,500 + 85)
VMT Decrease in Express Transit Lots = 520 spaces x 44 miles = 22,900 miles
VMT Decrease in Mixed Use Lots = 1,400 spaces x 29 miles = 40,600 miles
Total Decrease in VMT = 63,500 miles
2,540
2,500
29
Estimated Emission Reduction
Cold start emissions =
Running emissions =
Hot soak emissions =
730 trips added X 2.919 grams/trip =
63,500 miles X 0.551 grams/mile =
730 trips X 1.114 grams/trip =
(2,100 grams)
35,000 grams
(800 grams)
Total trip cycle = 32,100 grams
32,100 grams/907,185 grams/ton =
600
0.04 tons
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Increase in Transit Trips:
Increase = (Transit trips after lot construction - Transit trips prior to lot construction)
Mixed-use lots:
Increase = (18-41) = (23) decrease in one way transit trips per 100 spaces.
Total for mixed-use lots = 1,410 spaces x 23 x 2 = 650 decrease in transit trips
100
Transit only lots:
Increase = (100-41) = 59 increase in one way transit trips per 100 spaces.
Total for transit lots = 510 spaces x 59 x 2 = 600 increase in transit trips.
100
Net increase in transit trips for the measure = (650) + 600 = (50) decrease in transit trips
COST ANALYSIS ASSUMPTIONS:
Transit capital and operating costs and revenues impacts were estimated on the basis of an decrease
of 50 in daily transit ridership. Using the standard transit financial impact procedures for this project, transit
capital costs would decrease by $2,400 and transit operating costs would decrease by $33,300. These
costs would be offset by an decrease of $16,300 in revenue. Assuming cost per space as $3,500, it would
cost Maryland $3.22 million to construct 920 spaces, and Virginia $3.5 million to construct the 1,000
spaces. The cost of 6.72 million amortized over ten years at 6% yields an annual amount = $913,200
Capital Costs: $0.19/trip X (50) trips/day X 250 days =
Operating Costs: $2.66/trip X (50) trips/day X 250 days =
Transit Revenue: $1.30/trip X 50 trips/day X 250 days =
Construction: $6,720,000 X 0.1359
Net Public Cost:
Cost effectiveness = $ 893,800 = $89,400/ton
250 x 0.04
EVALUATION RESULTS
Emission Reduction Potential: 0.04 tons/day
Net Annual Costs: $893,800
Cost Effectiveness: $89,400/ton
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$16,300
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MEASURE M-41: Mandatory Employee Commute Options
DESCRIPTION:
This Transportation Control Measure would require all employers with 100 or more employees to
implement measures to achieve a 25 percent improvement in their employees' average vehicle ridership,
or a 20 percent decrease in their employees' home-based work trips. These programs would not only
include traditional support and promotional programs for transit, carpools and vanpools, but also alternative
work schedules, economic incentives and telecommuting.
ANALYSIS TOOL: COMSIS TDM Model
TRAVEL ANALYSIS ASSUMPTIONS:
The COMSIS TDM model was used to identify program groupings of measures that would allow
employee trip reduction programs to achieve the necessary trip reduction of 20 percent. The effect is on
home-based work trips only. The analysis was restricted to HBW trips only and to only employers of 100
or more. The program would include:
* High level of support and promotion for rideshare
* Application of the $60 travel voucher/parking charge
* Altemate work arrangements offered to 60% of employees
The majority of the vehicle trip reduction that will be achieved as a result of this program is through
rideshare, compressed work week, telecommuting and not through transit mode shift.
Reduction in VT:
3,184,000 Base 1996 HBW vehicle trips (average weekday)
x 11.3% Estimated reduction in HBW VT attributable to TCM
359,800 Reduction in HBW vehicle trips
+ 15.5% Increase by 15.5% to account for work-related travel
415,600 Total trips reduced due to implementation of TCM
Reduction in VMT:
47,006,000 Base 1996 HBW VMT (average weekday)
x 11.3% Estimated reduction in HBW VMT attributable to TCM
5,311,700 Reduction in HBW VMT
+ 15.5% Increase by 15.5% to account for work-related travel
6,135,000 Total VMT reduced due to Implementation of TCM
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Increase in Transit Trips:
41,900 Increase in HBW transit trips
+ 15.5% Increase by 15.5% to account for work-related trips
48,400 Estimated increase in HBW transit trips
48,400 Total increase in transit trips
Estimated Emission Reduction
Cold start emissions =
Running emissions =
Hot soak emissions =
415,600 trips X 2.919 grams/trip =
6,135,000 miles X 0.551 grams/mile =
415,300 trips X 1.114 grams/trip =
1,213,100 grams
3,380,400 grams
463,000 grams
Total trip cycle = 5,056,500 grams
5,056,500 grams/907,185 grams/ton = 5.6 tons
COST ANALYSIS ASSUMPTIONS:
Transit capital and operating costs and revenues impacts were estimated on the basis of a 48,400
increase in daily transit ridership. Using the standard transit financial impact procedures for this project,
transit capital costs would increase by $2.3 million and transit operating costs would increase by $32.0
million. These costs would be offset by $15.7 million in additional revenue. The governmental cost to
administer this program was based on experience, and was estimated to cost $2,3008 per employer trip
reduction plan. The total number of employers in the Washington region was estimated to be 110,543, of
which 3,365 are employers of 100 or more7. The estimated number of employees in these firms of 100
or more was assumed to be 1,278,445. The cost and revenue to operate the $60/month voucher/parking
charge program (Refer to M-42) was calculated using the regional mode shares for SOVs and HOVs. The
assumed number of days for this measure was 250 and the life cycle was one year.
Capital Costs:
Operating Costs:
Revenue:
Administration:
$0.19/trip X 48,400 trips/day X 250 days =
$2.66/trip X 48,400 trips/day X 250 days =
$1.30/trip X 48,400 trips/day X 250 days =
3,365 employers X $2,300 =
$2,299,000
$32,186,000
($15,730,000)
$7,739,500
-···-·-"-·-··· -- ~I- --· I1·------ --------------- 
-
Net Public Cost: $26,494,500
1f990 MWCOG Regional Employment Census
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Private Costs
Voucher Costs =
SOV Revenue =
Carpool Revenue =
Administration =
Telecommuting =
Net Private Costs:
1,278,445 X $60 X 12 months =
1,278,445 X 54.6% SOV X $60 X 12 months =
1,278,445 X 28.5% HOV X $60 X 12 months =
1,278,445 X $105/employee8 =
1,278,445 X 1.5% X $350 =
$920,480,400
($502,582,300)
($262,336,900)
$134,236,700
$6,711,800
$296,509,700
$323,004,200
Cost effectiveness
$323,004,200 total net cost
250 days
= $230,700/ton
5.6 tons/day
EVALUATION RESULTS:
Emission Reduction Potential: 5.6 tons/day
Net Cost/(Revenue): $323,004,200
Cost Effectiveness: $230,700/ton
E rnest & Young Study on Regulation XV, 1992
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APPENDIX V
Qualitative analysis conducted for the three projects included in Chapter 6's hypothetical
scenario.
Source: Boston No. 9, pages G-155 to G-158, G-197 to G-200. From Boston No. 8,
pages 8-19 to 8-22.
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Blue Line Extension to Lynn
Existing Conditions
The Blue Line currently runs from Wonderland Station in Revere to Bowdoin Station in the
Government Center area of downtown Boston. At six miles, it is the shortest of the MBTA's
three high-platform rapid transit lines. The Blue Line has direct connections with the
Orange and Green Lines, but not with the Red Line. Headways are currently 3.5 minutes
during peak periods.
The Rockport/Tpswich commuter rail line tuns from North Station through Chelsea into Lynn
and then beyond to other North Shore communities. In Revere, the commuter rail tracks run
within about one third of a mile of Wonderland Station. Past proposals for extending the
Blue Line have always involved use of the commuter rail right of way from some point north
of Wonderland.
Four MBTA express bus routes (426, 441/442, 450, and 455) provide through service between
points in Lynn and Haymarket Square in Boston. 38 Three of these operate through Central
Square, at the heart of downtown Lynn. This is also the location of the Lynn commuter rail
station. Peak-period commuter rail headways at Lynn Station range between 20 and 30
minutes. Each express bus route serving Central Square has peak headways of ten to 20
minutes. The MBTA recently completed construction of a large parking garage vt Central
Square for commuter rail line and express bus passengers. This project included new
commuter rail platforms.
PMT Alternative
The PMT examined a four-mile extension of the Blue Line from its current terminus at
Wonderland to Central Square in Lynn (see Figure G-40). The extension would use :an
abandoned narrow-gauge railroad right-of-way from Wonderland to West Lynn, and then
continue to Central Square beside the Rockport/Ipswich commuter rail line. Intermediate
stations would be located at Point of Pines, serving a residential community in northern
Revere, and at West Lynn, serving the General Electric complex and other employment
centers there.
Previous studies of a Blue Line extension to Lynn have assumed a somewhat different
routing, joining the Rockport/Ipswich right of way just north of Wonderland and following it
all the way to Central Square. Although such a scheme would involve less land-taking, it
would require widening the existing rail grade through the environmentally sensitive Saugus
Marshes. Therefore, the narrow gauge route to West Lynn was chosen for study in the PMT.
A separate consultant study of several North Shore transit improvements is considering both
possible alignments. Ridership figures for the. two alignments should be similar. The only
station not served by both routes would be Point of Pines, where the PMT analysis predicts
very low ridership.
3 8Despite their classification as express bus routes, all four make many stops between
downtown Lynn and Boston, and only Route 426 operates for a substantial part of its length
on limited-access highways.
G-155
Figure G-40
Blue Line Extension to Lynn
MORTH3flt7~,"
94;, F5 h 'I N A WNT
CEWNTEW ROS4
· · ~ ..' ;4"
:441. O~ C1NT~
N -
609
Ridership Impacts
The PMT demand forecasts for the year 2020 indicate that the Blue Line extension to Lynn
would serve 11,340 weekday riders, of which 4,860 would be new users of the transit system.
The rest would be drawn from other transit services such as commuter rail and express bus,
or diverted from existing Blue Line stations.
On a station-by-station basis, weekday ridership would be as follows:
Central Square Lynn: 7,140
West Lynn: 4,120
Point of Pines: 80
Total 11,340
At these ridership levels, the Central Square Station would serve more riders than six of the
12 existing Blue Line stations now serve, but West Lynn would rank below all Blue Line
stations except Suffolk Downs and Wood Island. The projected ridership for a Point of Pines
Station is far below that of any existing MBTA rapid transit station. Consequently, the final
design of a Lynn extension would probably omit Point of Pines.
Travel time savings for existing transit riders would be 893 hours per weekday or 273,258
per year. These figures are relatively low among the rapid transit extensions, because the
Blue Line would not offer an in-vehicle travel time advantage over commuter rail. The trip
from Lynn to Downtown Boston on the commuter rail line currently takes 26 minutes,
compared to a projected 30-minute Blue Line trip to Government Center. Blue Line trains
would stop 12 times between Lynn and Government Center, compared to the one or two stops
now made by commuter rail trains between Lynn and North Station.
The Blue Line would have the advantage of much greater service frequency, resulting in
shorter average wait times. Blue Line stations in downtown Boston are more centrally
located than either North Station or the Haymarket terminal used by North Shore express
buses, so the Blue Line would have lower average access times. For Logan Airport employees
and passengers, the Blue Line also has the advantage of providing direct service to Airport
Station.
Costs and Cost-Effectiveness
The construction cost of the Blue Line to Lynn would be in the mid-range of PMT projects
examined to date (see Table G-72). The initial capital cost would be $275 million for track
and power, three stations, a new bridge over the Pines River and 100 Blue Line vehicles.
The capital cost per new transit rider would be higher than any other rapid transit or
commuter rail extension included in the SIP and CA/r Mitigation and Additional Expansion
categories, at $56,600.
It would also be among the more expensive PMT projects in annual operating cost, at $10.25
million. Fare revenue from the extension would be $1.4 million annually (assuming that
riders at stations beyond Wonderland would pay the same fare as Red Line riders from
Quincy--double fare in, single fare out), resulting in a farebox recovery ratio of only 14
percent. The operating subsidy per passenger would also be fairly high, at $2.54. Because of
the relatively low travel time savings, the cost per passenger hour saved would be high, at
$75.46.
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Table G-72
Costs and Revenues of Blue Line Extension to Lynn
Operating Fare Capital
Cost Revenue Capital Cost/
(Annual) (Annual Cost New Trip
$10.25m $1.4m $275m $56,600
Air Quality Impacts
The Blue Line extension to Lynn would reduce regional emissions by 0.07 percent, which
would be a moderate reduction. The air quality improvements would be among the more
expensive to attain among all PMT projects. The capital cost per weekday kilogram of VOC
eliminated would be $4.6 million. This is more expensive than any of the commuter rail
extensions and the other rapid transit extensions included in the recommended program.
Conclusions
There is merit to the idea of bringing high frequency transit service to densely developed
Lynn. The Blue Line extension could be an economic benefit for Lynn, and it would provide a
higher level of service for commuters to the urban core. There is strong support for such an
extension from the City of Lynn and other North Shore communities.
These improvements in service would come at a high cost, however. By most measures, the
Blue Line extension is one of the more costly, and least cost-effective projects. When North
Shore transit improvements were studied in the 1970s, the MBTA decided to invest in
improvements to the commuter rail service rather than extending the Blue Lize (although it
did not rule out the latter). Higher frequency, higher speed commuter rail service could offlr
many of the benefits of the Blue Line at a much lower cost.
The consultant study taking place concurrently with the PMT will provide additional
information about a Blue Line extension to Lynn as well several other options for improved
North Shore transit, including conversion of the Rockport and Ipswich lines to electrified
light rail or rapid transit, enhanced commuter rail service, and enhanced express bus service.
G-158
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Red Line Extension to Mattapan
Existing Service
The Mattapan High Speed Trolley Line is a 2.6-mile light rail line, running from Ashmont
station at the end of the Dorchester Branch of the Red Line to Mattapan Square. It is
entirely on private right of way (a former commuter rail route) but has two at-grade road
crossings. There are six intermediate stations between Ashmont and Mattapan, mostly
serving residential neighborhoods in South Dorchester and Milton.
In 1989 counts, 65 percent of all riders on the High Speed Line transferred to or from the Red
Line. The busiest two stations, Mattapan, and Central Avenue, accounted for 82 percent of
all inbound boarding. Many of the passengers boarding at Mattapan transfer from feeder
buses there, and transfer again at Ashmont to the Red Line. At present, there is no fare for
most travel on the Mattapan Line, except that for inbound trips ending before Ashmont a 60-
cent fare (equal to a local bus fare) applies.
Present headways on the Mattapan Line are five minutes in peak periods, eight minutes
mid-day and 12 minutes at night. Rolling stock on the line consists of President's Conference
Committee (PCC) cars built in the 1940s. Present peak schedules require six cars, all
operated as single units. These are the remainder of a large fleet of cars used on the Green
Line prior to the introduction of more modern light rail vehicles (LRVs).
The main reason for retention of PCC cars on the Mattapan Line is the lack of an on-.line
carhouse to maintain the electronic systems of LRVs. The PCC cars get light maintenance in
the yard at Mattapan, but are trucked to other MBTA facilities for heavy repairs. It will not
be cost-effective to operate the Mattapan Line indefinitely with the present cars, and a
decision on their replacement will be needed in the near future.
PMT Alternative
The PMT analysis examined a possible replacement of the Mattapan High Speed Trolley
Line with an extension of Red Line service from the present Ashmont terminal to Mattapan.
New rapid transit stations would be located only at Mattapan, Central Avenue, and Butler
Street. Present stations at Capen Street, Valley Road, Milton, and Cedar Grove would be
discontinued. 48
All Ashmont branch Red Line trains would run through to Mattapan instead of originating or
terminating at Ashmont. Frequency would decrease on the Mattapan Line from 4 minute
headways to 8 minute headways during the peak, but seating capacity would increase
significantly because Red Line trains of four or six cars would replace the single unit PCC
cars.
With the smaller number of stops, travel time between Mattapan and Ashmont would be
reduced from 9 minutes to 5 minutes. Passengers traveling between points on the Mattapan
extension and points on the present Red Line would experience additional time savings from
48CTPS counts in 1989 found that of 3,465 inbound daily riders on the High Speed Line, 548
or 15.8 percent used the stations that would be discontinued.
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Figure G-50
Existing Mattapan High Speed Trolley and
Potential Red Line Extension to Mattapan
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elimination of the transfer at Ashmont. These time savings would be partly offset by the
additional access time imposed on passengers whose current stations would be closed.
Ridership Impacts
An extension to Mattapan would serve 4,720 Red Line boardings per day in the year 2020.
Of these, 1,260 would be new transit trips, and 3,460 would be diversions from other transit
services. The largest share of transit diversions would come from the present Mattapan
Line. Some of the remainder would come from MBTA local bus routes, especially Route 27,
which parallels the High Speed Line between Mattapan and Ashmont.
The projection of 1,260 new weekday transit trips for the Mattapan Red Line extension is
among the lowest among all of the rapid transit extensions being studied in the PMT,
although it compares favorably with the commuter rail extensions and new express bus
routes. Travel time savings for transit riders is estimated to be 338 hours per weekday,
which is again the lowest for all of the rapid transit projects in the PMT.
Costs and Cost-Effectiveness
Among the changes needed for rapid transit conversion would be installation of signal and
power distribution systems, elimination of grade crossings at Capen Street and Central
Avenue, and construction of high-level platforms at stations being retained. Red Line cars
could run on the existing tracks.
The most recent capital cost estimate for these improvements and the additional Red Line
cars needed to serve the extension is $54.8 million. The average capital cost per new
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weekday transit rider would be $43,500. Of the rapid transit projects examined, only a
Green Line extension to Medford Hillside or a Red Line-Blue Line connector would have a
lower cost per new transit rider. The annual net cost of $27.34 per hour of travel time
savings for the Red Line extension would be in the mid-range for all PMT projects.
Because of the age of the PCC cars, the MBTA will have to undertake some improvements to
the Mattapan Line in any case to maintain service. As of the summer of 1993, all of the cars
used on the line are receiving major overhauls at the Riverside carhouse, but this will not
keep them running indefinitely. To run LRVs on the Mattapan Line, the power system
would have to be upgraded and some arrangements would have to be made for routine
maintenance. Costs for such improvements have not been estimated yet, but it is clear that a.
portion of the money which would be spent for a Red Line extension would have to be spent 7
anyway just to maintain service.
The Americans with Disabilities Act requires that key stations on the Mattapan line be
accessible to people in wheelchairs no later than 2020. The high platforms needed for a Red
Line extension would solve the accessibility problem, while some other solution would be
necessary if LRVs were used.49
Table G084
Costs of Red Line to Mattapan Extension
Operating Fare Capital
Cost Revenue Capital Cost/(Annual) (Annua Cost New Trio
$1.3m $0.24m $54.8m $43,490
The Red Line extension to Mattapan would result in an increase of $1.3 million in annual
operating costs, compared to an increase of $24,400 in annual revenue. (The calculations
assumed eight-minute peak-period headways and six-car trains.)
The majority of riders that would use a Mattapan Red Line extension now use the existing
Red Line by transferring at Ashmont. Currently the Ashmont branch is served by a mix of
four and six-car trains during peak periods. In the future, peak-period service will consist of
all six-car trains. With time distribution similar to that of present ridership, new trips
attracted by the extension should not cause serious crowding problems on the Red Line.
Operational Impacts
Operationally, an extension to Mattapan would have limited impact on the Red Line. The
number of trains passing over the existing line would be unchanged. Increased loads could
result in slightly longer dwell times, causing increased running times.
49 0ne plan is to shift the Boeing LRVs from the Green Line to the Mattapan Line as the new
low-floor cars are purchased for the Green Line. Accessibility would be achieved through the
conistruction of mini-high platforms in conjunction with adjustments to the entryways of the
vehicles to allow for level access.
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Through-routing of Red Line trains to Mattapan would eliminate the logistics problems
entailed in maintaining a small isolated fleet of cars for the High Speed Line. It would also
improve passenger flow on the platforms at Ashmont Station, where nearly one third of the
Red Line passengers are now transferring to or from the High Speed Line.
Air Quality Impacts
A Red Line extension to Mattapan is projected to reduce regional emissions by 0.01 percent.
This is the lowest reduction among all of the rapid transit and commuter rail extensions
examined in the PMT. The capital cost per kilogram of VOC eliminated per weekday would
be relatively low, at $5,141,700. (Only the Green Line to Medford Hillside, the Blue Line
extension from Wonderland to Lynn, and the Blue Line-Red Line connector would be less
costly in this measure among the rapid transit projects.)
Conclusions
A Red Line extension from Ashmont tn Mattapan would attr•act V!' -. r new riders than most
of the other PMT projects exn !:::: It woula also be among the less expensive
projects, with a capital cost of $34.0 million. Most passengers now using the Mattapan High
Speed Line would experience faster travel times with a Red Line extension, and the majority
would be relieved of one transfer per trip. Passengers not transferring to the Red Line would
experience longer average wait times in peak hours.
Without a Red Line extension to Mattapan, substantial capital improvements will be
required to maintain service on the High Speed Line. These will include upgrading the
power system for compatibility with modern light rail vehicles, construction of an on-line
vehicle maintenance facility, and modification of key stations for wheelchair accessibility.
It is important to note that the Red Line extension tri Mattapan was examined by the MBTA
in 1968. This plan was withdrawn bc- arom the own f "'•• .
would have lost all of its station stops. iL is uniiown whether local residents wouki be Is
favor of such an extension today.
The MBTA will have to make a significant investment in the Mattapan Line in the next five
to ten years. At that time, it would be prudent to consider the Red Line extension as one of
the options, given its benefits from an operational and systems standpoint.
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Air Quality Impacts
The Newburyport extension would reduce regional emissions by 0.04 percent. The capital
cost per kilogram of VOC eliminated per day would be $1.6 million for the extension. This
cost falls within the middle of the range of the same costs for other PMT projects.
Two Commuter Boat Facilities
Five different ferry services that could utilize new commuter boat facilities were examined as
part of the PMT Update. These were:
North Station to Fan Pier and World Trade Center
North Station to Navy Yard Pier 4 and Logan Airport
South Station to Long Wharf and Navy Yard Pier 4
Navy Yard Pier 4 to Long Wharf and World Trade Center
South Station to Navy Yard Pier 11
The PMT analysis indicated that, without supporting transit services to feed the docking
terminals, nearly all of the ridership on each route would consist of existing transit riders
that would shift from rapid transit and buses to the ferries. As a result, the air quality and
downtown traffic benefits would be very small.5
Massport and the CA/I project have recently initiated a study of ferry services that will be
more comprehensive than the PMT analysis. If that study is successful in determining a
more effective manner of operating new ferry services, the new commuter boat facilities may
be warranted. If not, a substitution should be considered. Better downtown bus circulation
and/or improvements to commuter rail service (on the Rockport/Ipswich, Haverhill/Reading,
Lowell and Franklin Lines) would be potential alternate projects that would remove traffic
from downtown Boston streets.
5Fdr additional informatidn on the PMT analysis of these services, see Appendix G.
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Long-Term (after 2000)
Green Line Extension to Medford Hillside (near Tufts)
A Green Line extension to Medford Hillside would provide rapid transit service through
Somerville to Medford Hillside in the vicinity of Tufts University. The extension would run
from Lechmere Station 3.9 miles along railroad rights-of-way to Medford Hillside. There
would be stations at Washington, School, and Lowell Streets in Somerville, at Ball Square
(Broadway) on the Somerville/Medford border and at Medford Hillside (see Figure 8-6). The
School Street and Lowell Street Stations would each include 50 parking spaces. The Medford
Hillside Station would have 200 spaces.
A Green Line extension from Lechmere to Medford Hillside would serve an estimated 11,560
riders a day; of these, 3,660 would be new transit users. This extension would be among the
better projects examined for the PMT in terms of capital cost per new weekday transit rider
($24,000), annual cost per hour of travel time saved ($11.02), and capital cost per weekday
kilogram of VOC eliminated ($1.9 million). The extension would provide a moderate
reduction in regional emissions of 0.06 percent.
The capital cost of the extension would be approximately $88.0 million. It would cost $2.1
million per year to operate and generate $1.1 million in new fare revenue. This would
represent a farebox return of 52 percent, which is significantly higher than the 34 percent
generated by the existing Green Line.
Note that the PMT also examined a Blue Line extension from Bowdoin to Medford Hillside
along the same alignment between Lechmere and Medford Hillside, which would also include
the Red Line - Blue Line Connector. A Green Line extension to Medford Hillside and a Red
Line - Blue Line Connector together would attract more new transit users than a Blue Line
extension to Medford Hillside at a much lower cost.
In more detail, the impacts of this project would be as follows:
Ridership
A Green Line extension from Lechmere to Medford Hillside would serve an estimated
11,560 riders a day. Of these, 3,660 would be new transit users, and 7,990 would be
diverted from other MBTA services-primarily Somerville bus routes.
Costs
The estimated capital cost of a Green Line Medford Hillside extension is $88 million. By
comparison, capital costs for the Blue Line extension to Medford Hillside would be $548
million (which would include $138 million for the Red Line - Blue Line Connector). The
Charles-Medford Hillside segment alone would cost $411 million, or $323 million more
than a Green Line extension to Medford Hillside.
The largest component ($140 million) of the difference in cost between the Blue and Green
Line extensions is the additional 0.8 mile length of the Blue Line extension, all of which
would be in a tunnel under the Charles River. Another $55.5 million is attributable to the
purchase of 50 new Blue Line cars for the extension, compared to only 10 new LRVs for a
Green Line extension. The Blue Line extension also includes a related cost of $37.5 million
for a new equipment maintenance facility near Lechmere, because the present Blue Line
shops could not accommodate an additional 50 cars. Existing Green Line shops and a new
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Lechmere facility planned independently of a Medford extension could service the 10
additional Green Line cars. Finally, construction costs for rapid transit stations are higher
than for surface Green Line stations.
Net operating costs would increase by $2.1 million, including $1.3 million in savings from
the rerouting of bus service in Somerville and Medford. Such rerouting would include
reductions in frequency on parallel bus lines and changes in the terminal of some routes
serving stations such as Lechmere and Davis.
Air Quality Impacts
A Green Line extension to Medford Hillside would provide moderate air quality benefits,
reducing regional emissions by 0.06 percent, at a relatively low cost ($1.9 million per
kilogram of VOC eliminated per weekday).
Blue Line - Red Line Connector
The Red Line - Blue Line Connector would consist of an extension of the Blue Line from its
present inner terminal at Bowdoin Square via a subway under Cambridge Street to Charles
Station on the Red Line (See Figure 8-7). This short extension would provide a direct
transfer connection between the Red and Blue Lifies, which would provide better distribution
for trips starting on both lines, including improved travel to Logan Airport.
A Blue Line extension from Bowdoin to Charles would attract an estimated 19,210 new
riders to the Blue Line, including 4,970 new transit riders. The Red Line - Blue Line
Connector is one of the better rail expansion projects examined for the PMT in terms of
capital cost per new weekday transit rider ($27,700), annual cost per hour of travel time
saved ($4.73), and capital cost per weekday kilogram of VOC eliminated ($3.2 million). It
would also provide a moderately high reduction in regional emissions of 0.05 percent. Trhe
capital cost of the extension would be $137.5 million.
In more detail, impacts would be as follows:
Ridership Impacts
A Red-Blue Connector alone would carry 19,210 total riders and 4,970 new transittripsp.er
weekday. This represents a relatively large increase in new transit trips, and compared to
other PMT projects, would be exceeded only by significantly larger rail projects.
Costs and Cost-Effectiveness
Capital costs for a Red Line - Blue Line Connector would be $137.5 million. Capital costs
per new weekday transit rider would be $27,700. This cost is low for a rail extension.
Air Quality Impacts
The Red Line - Blue Line Connector would provide moderate air quality benefits
considering the size of the project, reducing regional emissions by 0.05 percent. The capital
cost per kilogram of VOC eliminated per weekday would be low for a rapid transit project,
and in the mid-range of all PMT projects, at $3.2 million.
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APPENDIX W
Quantitative methods used to estimate travel and emission impacts of the three projects
included in the hypothetical scenario discussed by Chapter 6.
Source: Boston No. 9, Appendix E and Appendix H.
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Appendix E
Demand Forecasting Process
When demand forecasting for the PMT began in September 1992, the best available
projections of population, employment, arid travel were for the year 2010. Therefore, initial
ridership estimates were produced using those projections and the then-current CTPS
regional travel model. Concurrently, CTPS was in the process of updating its model set
using newly collected travel data and new MAPC projections of 2020 population and
employment. This effort led to the development of an "Interim Model" set, which was used
to analyze highway and transit strategies for thle Transportation Plan. So that the PMT
and Transportation Plan would be consistent, a decision was made to update the PMT
projections to reflect the most recent 2020 projections, and improvements in travel
projections included in the Interim Model.
This appendix describes the demand forecasting process, and the method used to update the
PMT ridership estimates from 2010 to 2020. This includes:
* An overview of the nature and role of the Boston Metropolitan Planning
Organization's regional model set.
* A discussion of how the model set was recently updated for use in the draft
Transportation Plan.
* A description of the steps in the model set.
* Information about how the model set will be further improved in the future.
* A description of the technical procedure used to update the 2010 ridership forecasts to
2020.
Overview of the Regional Model
A regional land use/transportation model set is composed of several models that together
simulate intra-regional passenger transportation supply and demand for the current and
future years. Supply enters the model set in the form of a computerized representation of the
region's highway and transit systems. All express highways and major arterials, most
minor arterials and many local roadways are included. All transit lines, both public and
private, are included. Demand enters the model in the form of weekday trips that are
generated from population, employment and land use.
A:regional model set is used to forecast changes in regional travel patterns that would
result from certain actions. Historically, those actions have focused on major new or
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widened roadways and new or extended transit lines. Also, regional models have been
used to estimate the systemwide travel effects of changes in such things as transit fares,
parking price or supply and fuel prices. Recently, regional models have come to be used in
forecasting the impacts of transportation system changes on air quality.
Travel forecasting models used at a regional level are appropriate for developing regional
transportation plans, but are not necessarily the best tool in all planning situations.
Precise and accurate forecasts of roadway traffic volumes and transit line volumes are
often obtained by using these same models, but at a corridor or subarea level, where supply
and demand variables can be represented with more detail and where relationships in the
models can be calibrated more precisely. Even more fine-grained forecasts, such as those
of intersection levels-of-service must be obtained from operations-level traffic forecasting
models.
The Intermodal Surface Transportation Efficiency Act of 1991 and the Clean Air Act
Amendments of 1990 have placed new demands on travel forecasting models and on those
who develop and use them. These models are being relied on for guidance in how
transportation investments inter-relate with land use patterns, air quality and livable
communities. Neither this region's nor any other region's models can provide all of the
guidance being sought, but the models used in the PMT were recently updated and are more
responsive to some of these issues than they were before.
Model Update Process
Travel models need to be updated periodically. At a minimum, they must be recalibrated
with new data as it becomes available. In addition, their structures must be updated to
maintain currency with evolving research and the state-of-the-practice. The Boston
Metropolitan Planning Organization regional model set, which is maintained by the
Central Transportation Planning Staff (CTPS), is in the process of being updated for these
reasons and in order to make it more responsive to the recent federal mandates referred to
above. It will be another year before the update process is complete, but that process yielded
an "interim" model for use in the Transportation Plan and the PMT.
Steps in Model Update Process
The process of developing a new interim model set involved several steps, the first of which
was to acquire a new data base. Early on, some new computer software, notably a land use
allocation model, was also acquired. After these acquisitions, many months were devoted
to modifying some elements of the model process and completely revamping others. All
elements of the process were then connected to one another and implemented on a
mainframe computer.
Model calibration was then undertaken. Calibration refers to repeatedly running the
model set and adjusting certain of its components until it replicates current regional
travel patterns at an acceptable level of accuracy. Once the model set was calibrated to
current conditions, it was used to forecast future conditions associated with the various
scenarios described in this PMT.
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New Data Used in Model Update
Acquiring new data was crucial to the model update process. Several types of data,
including the following, were obtained:
* Characteristics of region's travelers and of their trips
* Current and forecast regional population and employment
* Community land use and zoning information
* Traffic and transit counts
Among the more important data sources was a travel diary, used to collect information
from 3,900 of the region's households. Descriptive data about households and their
members was obtained, as was detailed information about the trips they make each day.
This information was expanded to represent all of the region's residents and used to refine
and reformulate certain portions of the model set. Socio-economic data from the 1990 U.S.
Census supplemented the survey data.
CTPS developed a comprehensive file of current population and employment from various
sources, including the Metropolitan Area Planning Council (MAPC), the 1990 U.S.
Census, the Massachusetts Department of Employment and Training and a commercial
vendor. Forecasts of future-year population and employment were obtained from the
MAPC. Community land use and zoning information was collected from the MAPC and
individual towns and used in the land use allocation model.
Current traffic and transit ridership counts were acquired from the state transportation
agencies and other sources and used in model calibration.
New Interim Model Versus Old Models
The new interim model differs from those previously used at CTPS in several key
respects. First, it is a single comprehensive regional model, used for highway, transit and
high-occupancy vehicle (HOV) forecasting. In the past, three separate sets of models were
used for each of these travel modes. The new model set is based entirely on new data, as
described above, and incorporates many modified and brand-new steps. Because of these
features, the new model is more accurate and sensitive to a wider array of policy variables
than were the old ones. In short, it can do more things and do them better than the old
models.
The integration of a land use allocation model with the transportation models radically
changed the nature of the regional model process. In the past, population and employment
forecasts input to the transportation models were always pre-determined and they
remained unchanged in the modeling process. Now the land use allocation model allows
us not only to forecast the impact of population and employment on transportation, but also
to test how transportation might, in turn, shift the patterns of those variables across the
region.
Regional employment forecasts used in the new model set are different from those used in
the old models. The differences in employment projections between the old and new
models translate into differences in the future trips that are generated, in part, from those
projections. The old forecasts implied a central Boston employment growth of about 30
percent between 1987 and 2010. The new MAPC forecasts imply a central Boston
employment growth of only seven-to-eight percent between 1990 and 2020. In consequence,
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the forecast of central Boston-bound trips is now lower than before. In particular, since
most transit trips are made to and from that area, systemwide transit ridership forecasts
output from the new model are lower than before.
Step by Step Description of Model Steps
The transportation model used in the PMT is similar to those used in most large North
American cities. It is commonly referred to as the four-step urban travel demand
forecasting process or simply as the four-step process. There are actually several more
steps to the process; the four steps refer to the major ones. The four steps are: trip
generation, trip distribution, mode split and trip assignment. With the addition of a land
use allocation model, there are five major steps in the model process.
In the course of constructing a model set, the region was subdivided into small geographic
areas called traffic analysis zones or simply zones. These zones, many of which are
similar in size to census tracts, serve as the basic geographic units for which trips are
forecast. Also in the model development stage, the region's transportation supply, in the
form of roadways and transit lines, was represented in computerized networks. These
networks are used to derive travel times by travel mode from each zone to every other one.
These times are then used in the trip distributiort and mode split steps. The networks
themselves are used in the trip assignment step. The zone system and the networks are
connected to one another to allow for interaction between demand and supply.
Land Use Allocation Model
The land use allocation model spatially allocates forecasts of total regional population and
employment among traffic analysis zones. Employment for a given forecast year is
allocated to a given zone on the basis of historical levels of employment and population in
that zone, total land area in the zone and the accessibility of that zone from other zones
where people live. Population is allocated to a given zone based on its historical population,
forecast employment level, amount of residential land, vacant developable land and the
accessibility of that zone to other zones where people work.
Use of an integrated land use/transportation model allows for a linkage between the
locations of activities and transportation system accessibility. Land use models used
alone ignore the effects of spatial activity allocation on the transportation system.
Transportation models used alone ignore the effects of transportation systems on the
spatial allocation of activities.
Trip Generation
The trip generation model takes the allocated population and employment from the land
use allocation model and translates that to trips into and out of each zone. It does so for
several different trip purposes (work, school, shopping, social, personal business). This is
an extremely important step because it yields the basic number of trips in the regional
transportation system. Subsequent steps simply allocate those trips spatially, modally and
temporally. Completely new trip generation equations were developed in the model update
process.
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Trip Distribution
Trip distribution spatially allocates the trips generated in the previous step. Trip
generation deals solely with how many trips begin or end in a given zone, without
reference to where the other ends of those trips are located. Distribution links trips among
zones: it deals with where all trips begin and end. Trips that start in a given zone are
forecast to end in another given zone as a function of how far apart the two zones are from
each other and how many trips each zone generates in total. The longer the travel time
between two zones, the fewer trips will flow between them, all other things being equal. On
the other hand, the more total trips a zone generates, relative to all zones, the greater the
"pull" it will have on a given origin zone; hence, the more of that origin zone's trips it will
attract to itself. Distribution results in a matrix of trips among zone's for each trip purpose.
This model was modified somewhat in the update process, but its basic structure remained
unchanged from previous model versions.
Mode Split
In the mode split (or mode choice) step, the matrices of trips by purpose output from
distribution are allocated to competing travel modes. The model that does this considers
the times and costs associated with the competing modes and certain characteristics (e.g.,
auto ownership, forecast with one of the sub-models in the model process) of the travelers
being modeled. Work trips are split among the transit, drive alone, 2-person carpool and
3-or-more person carpool modes. Non-work trips are just split between transit and
automobile, irrespective of automobile occupancy. This model is critically important for
the PMT because it predicts shifts from the.auto to the transit mode that could be expected to
occur as a result of implementing various transit projects. The model update process
resulted in a brand-new work trip mode choice model.
Trip Assignment
The final step in the model process is trip assignment. In this step, the trips split by mode
from the previous step are assigned to the appropriate computerized networks in order to
predict which routes those trips will choose in the highway and transit networks. It is from
this step that we produce statistics such as regional vehicle-miles-traveled, vehicle-hours-
traveled and average operating speed. From this procedure, we also produce predicted
traffic volumes along specific roadways and transit ridership on specific lines. Trip
assignment procedures were modified in the model update process.
Also output from trip assignment are highway travel times under congested conditions
and transit travel times. These are combined and input back into the land use model in
order to forecast how transportation system accessibility, measured by travel times, might
lead to a reallocation of population and employment. These times are also input back into
the trip distribution and mode choice steps as well, and for any given model scenario, those
steps and trip assignment are run through a second or even third time in order to reach a
rough equilibrium state among all steps of the land use/transportation model set.
After the travel models are run, regional air pollution emissions can be calculated. This
is,done by combining information from Environmental Protection Agency (EPA)-
approved emissions models with the results from the trip assignment procedures.
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Future Model Development
As stated previously, development of the travel demand model for the Boston region is not
complete. The model used for the Transportation Plan is termed "interim"; a final model
will be available in 1994. It will differ from the interim model in three broad respects.
First, CTPS will have completely redone certain steps in the model that, for now, have
simply been modified-or left alone. The trip distribution model will, for instance, probably
be completely reformulated to make it responsive to travel cost as well as to time.
Second, CTPS will have collected and used additional data to refine the model further.
This will, for example, include some survey work to obtain information on unique trip
generators such as sports complexes and military installations. Trips to and from these
kinds of facilities are not well represented in the standard model process described above.
Getting better information about them will enhance the accuracy of the forecasts.
Finally, by next year, CTPS will have tied the individual model steps together more tightly
and calibrated the entire land use/transportation model set more precisely. At present, the
land use allocation model, being brand-new in the process, does not yield results as
satisfactory as will be required in the future. The trip assignments must be further refined
in order to enhance their accuracy at the level of individual roadways and transit lines.
Update of 2010 Forecasts to 2020
As mentioned earlier, the 2020 Person Triptable (resulting from Trip Distribution step)
used in the Interim Regional Model was developed using more recent population and
employment forecasts produced by the MAPC. These forecasts indicate that the growth in
downtown employment would be only eight percent from 1992 to 2020 and that regional
employment would grow by about 15 percent during the same period. The population for the
entire region was assumed to grow at an average rate of 1.7 percent. However, some cities
were expected to grow more rapidly than the others. The percentage growth assumed for
each city in the Interim Model differs significantly from what was assumed in the 2010
model.
Though the recently forecasted employment growth for downtown Boston between 1992 and
2020 is much less than had been previously projected, the total number of trips entering the
CBD in 2020 is projected to be only slightly less than with the previous 2010 projections.
This is largely a result of a more sophisticated method being used for the 2020 triptable than
had previously been used for the 2010 triptable. The 2010 triptable was developed by
factoring 1987 triptable based on projected employment and population growth, with the total
number of trips and their distribution dependent on the 1987 triptable. As a result, in the
development of 2010 triptable, the proportion of downtown bound trips for different trip
purposes was assumed to stay the same between 1987 and 2010. The 2020 triptable was
developed independent of prior trip tables, used better trip generation models, and was
based on more recent population and employment projections. The implied trip generation
rates and the proportion of non-work trips destined to downtown Boston in the new model
set are slightly higher than the old models.
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Method Used to Update PMT Ridership Forecasts
The differences between the 2020 ridership projections and 2010 projections are largely due
to the differences between the 2020 and 2010 triptables. Within the amount of time available
for the PMT update, it was not possible to rerun all of the PMT alternatives using the 2020
triptable. Instead, a simpler yet technically sound method involving rerunning a sample
of projects was used to develop a set of factors that was then applied to other alternatives.
This method consisted of the following steps.
* Determine changes in travel to the core area from each corridor.
* Group similar transit projects.
* Select representative projects by category and geographical area.
* Rerun the entire model for the representative projects using the new 2020 triptable.
* Compare the 2020 ridership results with the previous 2010 estimates and calculate the
percentage difference.
* Apply the appropriate factor to the 2010 ridership estimates of all the other projects
within the same category and geographical area to obtain the year 2020 estimates.
To determine changes in travel by corridor and transit mode, the base case alternative was
rerun using the new 2020 triptable. Transit trips were aggregated by corridor and transit
sub-mode. These results were compared to the base case estimates for the year 2010. This
comparison highlighted several differences in the way trips will be geographically
distributed from the outer suburbs to downtown Boston between the two horizon years, 2010
and 2020 (see Table E-1).
Table E-1
Projected Trips to Boston Central Business District
2010 2020 Difference
From Proiections Projections Factor
North Shore 42,780 67,030 1.56
North 72,840 78,4150 1.08
Northwest 7.4,880 77,580 1.04
West 107,050 100,350 0.9,4
Southwest 49,960 39,850 0.80
South Shore 137,770 85,590 0.62
CBD 4,090 72.770 1.57
Total 531,370 521,620
In general, regardless of mode, the 2020 projections indicate that there will be more trips
from northern suburbs to Boston proper than had previously been projected for 2010.
However, from the southern suburbs, there will be fewer trips to Boston proper in 2020 than
had been previously estimated for 2010. Although the southern suburbs are expected to
experience a higher employment and population growth than the rest of the region, a high
proportion of the new trips generated in this area will be attracted by the employment and
retail centers within the same areas. As a result, a lower proportion of the new trips from
the south will be made to the core area.
The distribution of transit trips also differed by mode. To take this into account, the PMT
alternatives were broadly grouped under nine categories, and several representative
projects from each category were rerun using 2020 inputs. The nine categories were:
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* Commuter rail extensions
* Rapid transit extensions
* Improved run times on commuter rail lines
* New commuter rail stations
* New express bus services
* Circumferential transit service
* Ferry services
* Logan airport related improvements
* Parking expansions
Based on the 2020 results for the sample projects that were rerun, update factors were
developed for different combinations of transit mode and geographical area. These
factors, which are shown below, were then applied to the 2010 estimates for projects that were
not rerun.
Transit Service Update Factor
Green Line extensions 1.13
Red Line north-related projects 1.20
Red Line south-related projects 0.70
Blue Line-related projects 1.50
New MBTA bus options 1.15
Route 128 circumferential bus 0.90
MBTA express bus improvements 0.95
All Parking expansion-related 0.90
All Ferry-related projects 0.95
Blue-Red connector 1.13
All Logan-related improvements 1.13
Inner Circumferential Transit 1.25
Orange line extension, south 0.86
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Appendix H
Air Quality Methodology
Air quality impacts of transportation related projects are based on two components:
emission rates and vehicle miles traveled (VMT). Emission rates are estimated using
Environmental Protection Agency software called Mobile5A; VMT estimates are an output
of the regional model described in Appendix E. This appendix describes the way these
factors are developed and how they have been used for air quality analysis of PMT
projects.
Major Components of Vehicle Emissions
Vehicle emissions are made up of both exhaust emissions and evaporative emissions (see
Figure H-i). Exhaust emission is the by-product of burning gasoline or diesel fuel, and is
dependent on operating mode (hot start, cold start, stabilized), the speed at which the engine
is running, and the air temperature.
Figure H-1I
Emission Components
Emission Comxponcnt Primarily a Function of...
Exhaust Operating mode, speed, and air temperature.
Running Evaporative Engine temperature, running time.
Resting Evaporative Age of auto, condition of seals and gaskets.
Refueling Evaporntive Vapor recovery systems and programs.
All\ Evaporative Air temperature, and fuel volatility
Evaporative emissions occur when the car is running, resting, and refueling. The
amount of running evaporative emissions is a function of the temperature of the engine,
which in turn depends on how long the car has been running. The amount of resting
evaporative emission is dependent on the age of the car and condition of various seals and
gaskets. Refueling emissions are controlled by vapor recovery devices used at filling
stations. All evaporative emissions are also dependent on the volatility of the fuel and
anpbicnt temperature. The only pollutants in evaporative emission are volatile organic
compounds (VOCs). The evaporative and exhaust emissions are combined into
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"emissions factors" or emission rates that are used in calculating changes in emission
burden.
Transit projects that reduce VMIT reduce vehicle emissions. Because exhaust emissions
are dependent on speed and operating mode, and running evaporative emissions are
dependent on length of trip (in time), all VMT are not equal with respect to emissions. The
rate of exhaust emissions are higher at slower speeds and when the car is operating in cold
start mode. Running loss evaporative rates are lower on short trips than they are on long
trips. As the engine heats up there is more evaporative loss from the fuel tank, fuel lines,
and engine.
Air Quality Analysis for PMT Projects
The PMT air quality analyses involved the use of average emission rates per vehicle
miles of travel. As a result, the stated impacts do not fully consider the different emissions
rates of each operating mode. However, as described below, the results are valid at the
sketch planning level of detail used for the PMT and do provide for valid comparisons
between projects,
Impact of Cold Starts
Transit trips that involve automobile access provide lesser air quality benefit than those
which entirely involive transit and walking. All or much of the automobile access portion
of the trip is in cold start mode; as a result, emission rates for these trips are higher than
normal."
The magnitude of the difference can be seen by comparing emission rates for drive access
trips with emission rates for normal (Federal Test Procedure)1 trips. As described above,
Volatile Organic Compounds (VOCs) emission rates from transit drive access trips are
higher than normal emission rates due to the fact that the vehicle is operating in cold start
mode for most or all of the trip. However, this effect is partly mitigated because drive
access trips are shorter than "normal" trips and therefore produce less running loss
evaporative \VOCs emission per mile. The combined effect of these two factors results in
VOC factors that are on average 2.4 percent higher for transit access trips than "normal"
factors. 2
Because there are no running evaporative emissions associated with NOx and CO, the trip
length has no effect on the emissions rate, and thus only operating mode (cold start, hot
start, or stabilized) affects the emission factors. Cold start NOx rates are on average 25
percent higher, and CO rates are 1.13 percent higher for transit access trips than normal
emission rates.
Rat.tS of emissions should not be confused with emission reductions. The effect that these
higher drive access emission rates have on the reductions of a specific project is completely
dependent on the length of the transit trip.
1 Federal Test Procedures are a set of standard default values used in Mobile5A. Many
FTP values can be adjusted for more specific analysis.
2Differences are based on Mobile5A factors for light duty gas vehicles in 1993. They
assume a worst case scenario where the whole drive access trip would be in cold start mode.
In *iddition, the VOC analysis assumes that the transit access trip is less than ten minutes.
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Examples
Two examples shown below illustrate the impact that automobile access can have on short
and long transit trips. For short transit trips, the emissions from an average drive access
trip could significantly reduce any emission reduction due to new transit riders; for
longer transit trips, the drive access emissions are small compared to the emission
reduction due to the elimination of the corresponding auto trip.
Short Trip
A short walk-access transit trip that eliminates 7 miles of automobile travel would save
12.6 grams of VOC from being emitted: 3
100% Auto Trip = 7 VMT' 1.8 grams of VOC per mile = 12.6 grams of VOC
100% Transit Trip = 0 grams of VOC
Reduction = 12.6 grams of VOC
If the transit trip includes a 3.75 mile automobile access trip, it would produce 10.9 grams
of VOC, thereby reducing the savings to 1.7 grams, and negating most of the air quality
benefit:
100% Auto Trip = 7 VMT * 1.8 grams of VOC per mile = 12.6 grams of VOC
Auto Access Trip = 3.75 miles *2.91 grams of VOC per mile = 10.9 grams of VOC
Transit Trip = 0 grams of VOC
Total = 10.9 grams of VOC
Reduction = 1.7 grams of VOC
Long Trip
A long walk-access transit trip that reduced VMT by 25 miles would save 45.0 grams of
VOC from being emitted:
100% Auto Trip = 25 VMT * 1.8 grams of VOC per mile = 45.0 grams of VOC
100% Transit Trip = 0 grams of VOC
Reduction = 45.0 grams of VOC
If the long transit trip includes a 3.75 mile automobile access trip, it would produce the
same 10.9 grams of VOC as the auto access to the short trip. However, in this case, the
transit trip would still provide significant air quality benefits-a reduction of 34.1
grams:
3 The calculations of emission assume an average speed of 35 miles per hour for the 1.8
grams/mile factor used for transit trip savings, and 24 miles per hour for the 2.91
gr-ams/mile factor used in the calculation of drive access emissions. The drive access
distance is an estimate of regional average distance driven to park and ride lots.
1--3
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100% Auto Trip = 25 VMT * 1.8 grams of VOC per mile = 45.0 grams of VOC
Auto Access Trip = 3.75 miles * 2.91 grams of VOC per mile = 10.9 grams of VOC
Transit Trip = 0 grams of VOC
Total = 10.9 grams of VOC
Reduction = 34.1 grams of VOC
PMT alternatives were designed so that only relatively long trips would have parking
facilities. With a few exceptions--express bus parking and the expansion of existing
parking facilities at rapid transit stations--new parking facilities would be located along
Route 128 or beyond. Therefore, while some of the emission reduction figures may be
somewhat overstated, there are not any cases where automobile access to transit would
negate the air quality benefits of the transit trip.
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Interview No. 2
Interview No. 3
Interview No. 4
Interview No. 5
Interview No. 6
Interview No. 7
Interview No. 8
Interview No. 9
Interview No. 10
Interview No. 11
Boston Interview
No. 1
Boston Interview
No. 2
Boston Interview
No. 3
Boston Interview
No. 4
Other Interviews
Erika Vandenbrande of the Southern California Association of Governments
(SCAG), July 18, 1995.
Rob Ireson of SAI in the San Francisco Bay Area, July 19, 1995.
Kendra Morries of the Los Angeles Metropolitan Transportation Authority
(LAMTA), July 19, 1995.
Gerry Everett in FHWA's Washington, D.C. office, July 20, 1995.
Jackie Lentz of the Houston MPO, July 20, 1995.
Paul Davies of the San Diego Air Pollution Control District, July 20, 1995.
Nick Roach of the Puget Sounds Regional Council (i.e. Seattle region), July 21,
1995.
Jack Henneman of COMSIS, July 24, 1995.
Michael Burbank of the North Central Texas Council of Governments (i.e. Dallas-
Fort Worth region) , August 3, 1995.
Victoria Eisen of the San Francisco Bay Area's Metropolitan Transportation
Commission (MTC), September 21, 1995.
David J. Mohler and Anne S. McGaham of CTPS on 9-14-95.
Chris Skelly of MAPC on 9-14-95.
Kreig Leiner of the CTPS
Dan Fortier of the MAPC
Individuals from COMSIS Corporation, JHK & Associates, and Systems
Applications International.
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